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ABSTRACT 
The taxonomy and evolutionary relationships of six 
Australian species of the family Percichthyidae have been 
investigated using data obtained from comparative morpho-
logical examination of preserved specimens and from 
electrophoretic detection of variation in proteins extracted 
from liver and muscle tissue. 
Members of the genera MaaaulZoaheZla~ PZeatPopZites 
MaaquaPia and PePaalates form a group of generalised percoid 
species that have presumably colonised Australian freshwaters 
from marine origins. On morphological grounds the group is 
here considered to belong in the basal percoid family 
Percichthyidae rather than in the specialised family 
Serranidae to which it has been previously assi~ned. Some 
doubt remains, however, as to the affinities of the genus 
MaaauZloahelZa. 
Evidence from morphological studies, and from electro-
phoretic analysis of protein variation at 19 genetic loci, 
indicates that Maaaulloahella differs extensively from the 
other genera and that the two subgroups s6 formed represent 
separate invasions of freshwaters by already distinct marine 
ancestors. The Australian genera PZeatPopZites~ MaaquaPia 
and PePaaZates form a closely related monophyletic group 
which could be assigned to a single genus. The oldest 
available name for such a genus is MaaquaPia Cuvier and 
Valencieenes, 1830. 
Morphological and electrophoretic evidence supports the 
distinction of two species of MaaauZZoaheZZa, but no 
significant variation was detected between PePaaZates 
specimens initially identified as either P. 
~ 
conolorum or P. 
novemaculeatus. 
Geographically separated conspecific populations of 
Plectroplites ambiguus exhibit a clinal increase in degree 
of morphological variation which corresponds to increasing 
geographical distance between the populations compared. 
Within this clinal pattern there is a clear distinction 
between the populations of the Murray-Darling drainage area 
and the internal drainage area populations of the Bulloo 
and Wilson river. Up to 50 per cent of the 32 morphometric 
v 
and meristic characters examined showed significant variation 
between populations from these two areas. 
Electrophoretic data does not reflect a corresponding 
degree of genetic divergence between Plectroplites ambiguus 
populations, but the polymorphic glucose phosphate isomerase-1 
~ locus revelas a clinal variation pattern similar to that 
obtained from the morphological studies. It is considered, 
however, that the morphological and electrophoretic variation 
observed in Plectroplites ambiguus populations is not 
sufficient to indicate the existence of distinct subspecies 
or species. 
Macquaria australasica populations exhibit similar 
amounts of morphological divergence to Plectroplites ambiguus 
populations. This variation was not found to have an ordered 
pattern of geographical distribution, although there is some 
indication of a distinction between Macquaria australasica 
populations from either side of the Great Dividing Range. 
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Chapter 1 
Introduction 
1.1 The Australian Freshwater Fish Fauna 
The native Australian freshwater fish fauna is unique 
by comparison with continental faunas in other parts of the 
world. The most ~triking aspect of the Australian fauna is 
a marked paucity of species. John Lake (1971), in his review 
of freshwater fishes of Australia, lists 231 species collected 
in fresh or brackish water, but of these 49 are essentially 
marine species which rarely or occasionally enter fresh water. 
A further 16 are introduced species, leaving a total of 166 
indigenous species. The number of strictly freshwater species 
is in the region of 130, the rest spending at least part of 
their life cycle 1n brackish water, usually for spawning purposes. 
The river systems of tropical and sub-tropical northern 
Australia exhibit the greatest diversity of species. The 
northern and north-eastern coastal drainage areas (see Figure 
1.1) contain 62 and 63 reported species respectively (Lake, 
1971). The Murray-Darling river system, the largest in the 
continent with 2,350 miles of permanently flowing water 
(Atlas of Australian Resources, 1967), contains only 28 
freshwater species, 8 of which are introduced (Lake, 1967; 
modified by Berra and Weatherley, 1972). River systems of 
comparable size in other continents yield many times that 
number of species. In the Amazon basin of South America 
hundreds of native freshwater fish species can be collected 
in the space of a few miles of river, and the total number of 
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species for the system is over 1,300 (Myers, 1947-9; 
Darlington, 1957, 1965; Gery, 1969). 
Another feature of the Australian freshwater fish 
fauna is the limited range of families represented and the 
lack of adaptive radiation of spec1es in a large portion of 
these families. The 166 essentially freshwater species 
comprise some 30 families and 80 genera (Munro, 1961; Lake, 
1971). About two thirds of the fauna, or 106 species, are 
contained in only 6 families- the Galaxiidae (26 species), 
Plotosidae (catfishes, ll species), Melanotaeniidae (rainbow 
fishes, 13 species), Atherinidae (silversides, ll species), 
Theraponidae (grunters, 17 species) and Gobiidae (gobies 
and gudgeons, 28 species). None of the freshwater 
ostariophysian groups (e.g. carps and characins), common 
s 
in other continental faunas, ha.e native representatives 1n 
Australia. 
Geological evidence (David, 1950; Laseron, 1969) 
indicates that during the Tertiary and into the Pleistocene 
epoch of the Quaternary, the Australian region was subject to 
volcanism, faulting, uplifting of mountain ranges and 
transgression and retreat of seas. Interspersed with this 
activity were alternating periods of wetness and dryness in 
various part of the region. It has been suggested (Berra 
and Weatherley, 1972) that these tectonic changes and 
unsettled climatic conditions have not allowed sufficiently 
long stable periods for adaptive radiation and speciation to 
occur or persist. Present conditions of alternate drought 
and floods; intermittent flow of streams; and broad reg1mes 
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of water temperature, oxygen content and salinity tend to 
require wide tolerance limits in the inhabiting fish species, 
and do not appear to be conductive to broad speciation and 
occupation of a narrow niche. For example Llewelyn (1968) 
reported upper and lower thermal death points of 40°C and 
4.5°C respectively for the spangled perch, Madigania unicoZor, 
found in warm arid areas of Australia. This species is also 
thought to aestivate in mud to survive prolonged periods of 
drought. Golden perch, PZectropZites ambiguus, and silver 
perch, Bidyanus bidyanus, breed most prolifically in times of 
flood, when conditions favour survival of the fast hatching 
planktonic eggs of the two species. Both species spawn at 
water temperatures above 23°C provided there is an 
accompanying rise in water level (Lake, 1967a). 
Yet another interesting aspect of the Australian 
freshwater fish fauna is its or1g1ns. Australia has been 
separated by salt water from the Asian continent since late 
Cretaceous - early Tertiary times (Smith and Hallam, 1970; 
Dietz and Holden, 1970) and probably longer. It has also 
been separated from the Antarctic continent probably since 
the early Eocene (Weissel and Hayes, 1971) and perhaps as 
far back as the late Mesozoic (Sproll and Dietz, 1969). 
This isolation and the conspicuous absence from Australian 
fresh waters of cypriniform fishes in particular, indicate 
that the Australian continent, because of its surrounding salt 
water barriers, escaped the great proliferation of ostariophysian 
fishes with essentially freshwater lineages in the late 
Cretaceous- early Tertiary era (Andrews et al., 1967; Goody, 
1969; Gosline, 1971). Consequently zoogeographers have 
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been led to conclude that almost the entire Australian 
freshwater fish fauna has marine ancestry (De Beaufort, 
1951; Whitley, 1959; Darlington, 1957, 1965). Only the 
Australian lungfish, Neoceratodus, whose freshwater ancestry 
dates back to the Devonian, and possibly the osteoglossid 
genus Scleropages, were thought to be exceptions to this 
conclusion. 
Frankenberg (1974), while accepting the general 
hypothesis of marine ancestry of the freshwater fish fauna, 
queries the assumption of recent marine origin of all spec1es 
other than the two mentioned above. He thinks it is 
possible that some groups, such as the perciform genus 
Gadopsis - now completely restricted to fresh water despite 
its reputed marine affinities - and species of the 
atheriniform group - thought to have arisen 1n fresh water 
(Rosen, 1964) - "may have been resident in fresh waters in 
the southern Australian region longer than Darlington might 
have supposed''. Frankenberg's discussion, while designed to 
stimulate thought, highlight~ the lack of factual or 
experimental information available on the systematics of a 
large part of the Alstralianfreshwater fish fauna. 
The present study is an investigation of the systematics 
of a small group of perciform fishes which have been included 
in the family Percichthyidae by Gosline (1966), and in the 
family Serranidae by Greenwood et al. (1966). Emphasis has 
been placed on the taxonomy and evolutionary relationships 
of the group. As a result of conclusions drawn in this study 
the group is regarded as belonging to the family Percichthyidae. 
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1.2 The Family Percichthyidae (Pisces: Perciformes) 
The percichthyidfamily, as provisionally defined by 
Gosline (1966), has a broad distribution pattern. It has 
representatives in marine, estuarine and freshwater environments 
of most of the temperate and subtropical regions of the world. 
The estuarine and freshwater group includes genera from North 
and South America, Europe, North Africa, Asia and Australia. 
Percichthyids appear to be replaced to some extent in tropical 
regions by another basal percoid family, the Centropomidae, 
including the genus Lates (Gosline, 1966; Williams, 1970; 
Frigo and Sorbini, 1973). 
There are seven Australian spec1es of Gosline's family 
Percichthyidae, all endemic. These species have been 
attributed to five different genera:-
1) MaccuZlochelZa peeZi - Murray cod 
(Mitchell, 1838) 
2) MaccuZlochelZa macquaPiensis 
(Cuvier and Valenciennes, 1829) 
3) PZectPoplites ambiguus 
(Richardson, 1845) 
4) MacquaPia austraZasica 
Cuvier and Valenciennes, 1830 
5) PePcalates coZonoPum 
(Gunther, 1863) 
6) PePcalates novemaculeatus 
(Steindachner, 1866) 
7) Bostockia poPosa 
(Castelnau, 1873) 
- trout cod 
- golden perch 
- Macquarie perch 
- estuary perch 
- Australian bass 
- nightfish 
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All species except those of the genus Percalates are 
restricted to freshwater. Percalates colonorum is 
essentially estuarine, rarely being found above tidal influence, 
and Percalates novemaculeatus spends a large part of its 
life cycle in fresh water, periodically descending to waters 
under tidal influence to breed. Figure 1.1 shows the 
distribution of species of the family Percichthyidae, along 
with that of Therapon welchi (see Plate 1.6), a member of 
the closely related family Theraponidae. Tissue samples of 
Therapon welchi were used in electrophoretic studies of 
comparative protein variation (see section 4.1.3). 
Bostockia porosa is a small (16 em maximum length) fish 
with nocturnal habits that is confined to the streams of the 
south-west drainage area in Western Australia. This species 
was not examined in the present study due to time limitations 
and the difficulty of obtaining fresh specimens. 
The Murray cod, Maccullochella peeli (see Plate 1.1), 
is probably the best known of the native Australian freshwater 
fishes. It is also the largest, with specimens of up to 
180 em in length and over 90 kg being captured. The fish is 
olive green to yellow-green dorsally with brown to pale green 
mottling on the dorsal and lateral surfaces. The ventral 
surface is yellow to white. The species occurs throughout 
the Murray-Darling river system, except in the cold headwater 
streams, and in some coastal streams of northern New South 
Wal~s and southern Queensland, including the Mary, Clarence 
and Richmond rivers. Murray cod spawn from September to 
November at temperatures approaching 20°C, preferably when 

Mary R. 
Brisbane 
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accompanied by a rise in water level, although flowing water 
or a flood does not appear to be essential (Lake, l967a). 
The eggs are demersal and are attached to submerged objects. 
Hatching takes one to two weeks (Dakin and Kestevin, 1938). 
Crustaceans and fish form the major part of the Murray cod's 
diet. 
According to museum locality records the closely related 
trout cod, MaaauZZoaheZZa maaquariensis, (see Plate 1.2) is 
sympatric with Murray cod in the cooler upper reaches of the 
Murray river and its tributaries and in the Murrumbidgee 
river. The species currently persists in three localities; 
Lake Sambell and Seven Creeks in Victoria (both in the Murray 
river drainage area), and the Murrumbidgee river near 
Canberra, A.C.T. Trout cod are considerably smaller than 
Murray cod, rarely attaining a weight of more than 16 kg. 
The fish are blue-grey dorsally with a pattern of dark spots 
extending round to the lighter ventral surface. Little is 
known of the breeding biology of this fish, as it has only 
recently been established as a separate species (Berra and 
Weatherley, 1972). 
The golden perch, PZeatropZites amb{guus, (see Plate 1.3) 
occurs in warm, turbid, slow-moving waters and is thus 
restricted to the lower stretches of the Murray-Darling system. 
It is also present 1n the Bulloo river and Lake Eyre internal 
drainage systems, and 1n the Fitzroy river system of coastal 
south-east Queensland. The fish varys 1n colour from olive 
green, through bronze and yellow, to white, with the ventral 
surface normally lighter than the dorsal surface. Golden 
perch spawn between October and March. Spawning occurs at 
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Plate 1.1 
Maccu l loc hella peeli - murra y cod 
Plat e 1.2 
Maaaullochella macquariensis - trout cod 
The specimen photographed above has been preserved 
in f ormqlin, so the colours and markings shown are not 
representative of live Maccullochella macquariensis 
specimens. 
10 
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water temperatures above 23°C following a rise in water level 
(Lake, l967a). The eggs are planktonic and fast-hatching 
(33 hours), favouring optimal dispersal and survival in flood 
conditions. Larger golden perch are essentially carnivorous, 
eating mostly crustaceans and a small number of fish. 
The Macquarie perch, Macquaria australiasica (see Plate 1.4), 
inhabits the cooler upper reaches of the Murray-Darling river 
system, although it does not extend into the headwater streams. 
Macquarie perch are reasonably abundant in Wyangla dam (Lachlan 
river) and Burrinjuck and Cotter dams (Murrumbidgee river). 
They also occur in a few New South Wales coastal streams, such 
as the Hawkesbury, Nepean and Shoalhaven systems. Colours 
of this fish vary from silver-grey to blue-grey to green-brown 
dorsally, with lighter shades ventrally. Specimens of over 
3.6 kg are rare, with fish under l kg the usual (Lake, 1967). 
Spawning occurs in October and November and eggs are attached 
to hard objects on the beds of fast flowing streams. Insects 
form a large part of the diet of Macquarie perch (McKeown, 1934). 
The estuary perch, Percalates colonorum, and Australian 
bass, PercaZates novemaculeatus (see Plate 1.5), both have 
distributions restricted to the coastal streams of eastern 
and south-eastern Australia. The Australian bass spends a 
large part of its life cycle in fresh waters, moving down to 
estuaries to spawn in early winter and back upstream above 
tidal influence for the summer and autumn months (Williams, 
1970). Bass have been reported in streams as far north as 
Tin Can Bay, 240 km north of Brisbane. The range of this 
species extends south through New South Wales and as far as 
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Plate 1.3 
PZ e ctropZites ambiguus - golden pe r ch 
13 
Plate 1.4 
Macquaria australasica - Macquarie perch 
14 
Plate 1.5 
Per c alate s novemaculeatus - Aus t ralian bass 
15 
Plate l. 6 
Thera pon we l chi -We l ch's grunter 
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the Gippsland region of Victoria. Estuary perch usually 
remain in estuarine waters for their entire life cycle and 
are distributed in estuaries from the Richmond river in 
northern New South Wales, south to Victoria and eastern Tasmania, 
and as far west as the mouth of the Murray river. Australian 
bass are usually olive green-grey dorsally with lighter shades 
ventrally, sometimes almost white. Estuary perch generally 
have paler lateral markings, deeper bodies and a more concave 
dorsal head profile than Australian bass, but show few other 
external differences. 
For more detailed accounts of the distribution, habitats, 
food, breeding biology and developmental physiology of 
Australian percichthyids, the reader is referred to publications 
by Lake (1959, 1967, l967a,b, 1971) and Williams (1970, 1971). 
1.3 The Project -Aims 
Work on the systematic relationships of a large portion 
of the native Australian freshwater fish fauna is inadequate. 
In some cases classifications have been based almost entirely 
on semi-popular descriptions given by naturalists in the 19th 
and early 20th centuries. This has led to confusion, arising 
names 
from problems such as synonymy in allocation of specific 
assignment of geographically or ecologically isolated conspecific 
populations to independant species status; assignment to a 
single species of closely related but distinct congeners; and 
the placement of a species or species group 1n various taxa 
with various rankings. 
Confusion of this nature 1s evident in previous attempts 
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to define the systematic status of Australian percichthyids. 
Since their first descriptions in the early and mid - 19th 
century, the four genera examined in this study have at various 
times been allocated to separate familial status (Gunther, 1859; 
McCulloch, 1929; Whitley, 1951, 1960; Munro, 1961; Scott, 
1962), and on other occasions have been grouped in a single 
family Serranidae (Stead, 1906; Ogilby, 1920; Roughley, 
1951; Greenwood et al., 1966; Lake, 1967, 1971) or 
Percichthyidae (Gosline, 1966). 
Each percichthyid species studied here has been given 
at least three different generic and specific names since its 
original description (Berra and Weatherley, 1972; Williams, 
na~~s 
1970; and see section 5.4). This surplus of can 
in many cases be traced to workers attaching specific impor~ance 
to colour or growth-dependant variations in conspecific 
populations, or to indifferent descriptions based on a single, 
sometimes badly preserved, specimen. It is only in the last 
few years that members of the genus Peraalates, after the work 
of Williams (1970), have been recognised as belonging to two 
separate species. Berra and Weatherley (1972) also 
established two separate species in the genus Maaaulloahella. 
As a result of this study nomenclature within the genus had 
to be altered when it was found that the holotype for 
Murray cod (previously named Maaaulloahella maaquariensis) 
was in fact a specimen of trout cod. The two studies just 
mentioned are, to my knowledge, the only experimental analyses 
carried out on the systematics of Australian percichthyids. 
They emphasise the need for more work in this area to provide 
a sound taxonomic framework as a basis for further research in~o 
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endangered species and animals of potential and actual commercial 
value. 
This study is an attempt to elucidate the systematic 
relationships of Australian percichthyids by gathering 
information that 1s relevant and applicable to various 
taxonomic levels 1n this group. Three main areas of 
investigation can be distinguished:-
a) Revision of the taxonomy of the group as a whole. 
No formal attempt has been made to ascertain the 
taxonomic status and evolutionary affinities of the 
Australian Percichthyidae, beyond the fact that they 
comprise an isolated group of basal percoid species 
which apparently colonised fresh water from marine 
ancestors. The cohesiveness of this group as a 
taxon is looked at and an attempt is made to place 
the group in the most appropriate position of a world-
wide taxonomic framework for teleosts proposed by 
Greenwood et al., (1966) and modified, in the case 
of some lower percoid families, by Katayama (1959, 
1960) and Gosline (1966). 
b) Description of attributes which characterise each 
of the species within the family Percichthyidae. 
From this information species descriptions can be 
updated and standardized to some extent. Statements 
can also be made concerning the taxonomy and 
evolutionary relationships of any sub-groups found 
within the family. 
c) Detection and measurement of variation in geographically 
separated conspecific populations. Thtsedata will 
19 
help to detect any trends towards evolutionary 
divergence in sub-specific populations of percichthyid 
species. In this study only two species, 
Pleatroplites ambiguus and Maaquaria australasiaa, 
were surveyed for intra-specific variation. 
Information relevant to all three categories has been 
obtained from the description and measurement of morphological 
characters of the Australian Percichthyidae. Electrophoretic 
analysis of protein variation between individual fish has 
provided additional information relevant to categories b) 
and c). Inferences regarding taxonomy and evolutionary 
relationships drawn separately from morphological and 
biochemical data are compared and combined to form a broad 
synthesis of the systematics of Australian Percichthyidae. 
20 
Chapter 2 
Materials and Methods 
2.1 Materials 
2.1.1 Field Collection of Specimens 
Extensive collections of specimens of PZeatropZites 
ambiguus were made over a period of seven months from May 1974, 
to provide samples for population studies. This collection 
provided fresh tissue samples for electrophoretic analysis and, 
together with museum collections, material for morphological 
measurements and counts that were amenable to statistical 
analysis. Attempts were made to collect specimens of 
Maaquaria austraZasiaa on the same scale but these failed to 
produce the number and geographical diversity of samples 
required, so that while fresh tissue samples were obtained for 
electrophoretic studies at the species level, population studies 
were confined to museum and other preserved collections. Small 
collections of all other species were made to supplement museum 
material and provide fresh tissue samples. Capture locations 
and numbers of specimens in each sample are given in the 
appropriate chapters. 
The main methods of collecting fish were gill netting, 
trapping and angling. Gill nets, ranging from 5 em to 15 em 
in mesh size, were set in the afternoon, left overnight and 
retrieved the following morning. The nets were weighted at 
the bottom and carried floats on the headline to prevent 
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tangling problems. Netting yielded fish ranging in size 
from 130 rnrn to 439 rnrn standard length (see section 2.2.2), 
with the majority of specimens in the size range 230 - 350 rnrn. 
Almost all specimens netted were alive when collected despite 
the fact that nets were left in the water for up to 16 hours. 
This made possible the extraction of liver and muscle tissue 
samples for electrophoretic analysis with minimal. deterioration 
of proteins. 
The fish traps used were cylindrical wire mesh "drum nets", 
120 - 160 em in length and 60 - 75 ern in diameter, with an 
inverted funnel entrance terminating in an opening of 15 - 25 em 
diameter. Meat and fish scraps were used for bait and fish 
ranging in size from 50 mrn to 220 mrn standard length were 
trapped. The use of gill nets and wire traps was authorised 
by special collecting permits issued by N.S.W. State Fisheries 
for N.S.W. waters and the Department of the Capital Territory 
for A.C.T. waters. 
2.1.2 Processing and Storage of Materials 
Samples of liver and muscle tissue were taken from each 
specimen immediately upon capture, placed in small capped 
plastic vials and snap frozen in a field container of liquid 
nitrogen at approximately -70°C. The tissue samples were 
subsequently stored at -l0°C in the laboratory for use in 
electrophoretic studies of proteins. The remainder of each 
specimen was fixed on the capture site in 10 per cent formalin, 
left for l to 3 weeks (depending on size) and transferred to 
10 gallon metal bins, containing 70 per cent ethanol, for storage. 
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A small number of specimens of each specles sampled were 
kept on ice after capture and stored at -l0°C for use in the 
preparation of skull and skeletal material. 
2.1.3 Museum Specimens and Other Collections 
Preserved specimens and skeletons of all perichthyid 
species involved in this study were made available on loan 
from the Australian Museum, Sydney. The following museum 
specimens were examined 
MaccuZZocheZZa peeli; 
MaccuZZochella macquariensis; 
PZectropZites ambiguus; 
PercaZates coZonorum; 
Macquaria austraZasica; 
I.l5795-003 (skull),I.l5795-
009 (skull), I.l5795-010 (skull), 
I.l5795-0ll (skull). 
I.l5324-007 (skull). 
I.l6005-009, I.l6005-003, 
I.l6005-0l0, I.l6005-002 
(18 specimens), I.l6002-003 (6), 
I.l6002-004, I.l6002-015, 
I.l6002-0l6, I. 16002-017, 
I.l5827-002 (2), I.l5813-002, 
I.l6006-002, I. 16003-003 (54) 
IB.8253 (2), I.l5809-005, 
I.l5809-006, I.l5792-002, 
I.l5792-007, I.l5792-008, 
I.l5792-009, I.l5792-010, 
I.l5792-0l8, I. 15792-004 
(skeleton). 
I.l5704-00l (skeleton). 
I.l663l-00l (5), I.l6626-00l, 
I.l6627-00l (2), I.l6625-00l (7), 
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1.15805-001 (9), 1.15794-001, 
1.15794-003, 1.15795-007, 
1.1212, 1.1213, 1B.l372, 1Bl373, 
1B.67l, 1B.672, 1.7196 (2), 
1B.7906, 1.16628-001 (3), 
1.16629-001 (2), 1.16630-001, 
1.4692, 1.10430, 1.2556, 1.1679, 
1.1680, 1.1681, 1.1145, 1.3331 
(2), 1.15790-001 (skeleton), 
1.15790-003 (skeleton). 
One preserved specimen of Maaaulloahella peeli, two of 
Maaaulloahella maaquariensis, 23 of Maaquaria australasiaa and 
70 of Pleatroplites ambiguus were examined from the collection 
of Dr. T.M. Berra, held until recently at the Zoology Department, 
Australian National University. Also available from this 
collection were a large number of X-rays of the skeletal 
structure of Maaaulloahella peeli (120 specimens) and 
Maaaulloahella maaquariensis (29 specimens). These X-rays, 
taken for use in previous work on the genus Maaaulloahella 
(Berra and Weatherley, 1972), were used to verify some 
osteological counts and descriptions of these species made in 
the present study. 
One specimen of Maaaulloahella peeli, two of Peraalates 
novemaauleatus, five of Maaquaria australasiaa, 186 of 
Pleatroplites ambiguus (from 8 locations) and six of Therapon 
welahi were personally collected for electrophoretic and 
morphological analysis. A further five Maaaulloahella 
peeli, two Maaaulloahella maaquariensis, three Peraalates 
novemaauleatus and seven Peraalates aolonorum were donated 
to this study from various sources. 
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All fish personally collected or received that remained 
in suitable condition have been added to the collection of 
the Australian Museum, Sydney. These fish were not registered 
at the time of submission of this thesis but a copy of 
collection records has been lodged with the museum. 
2.2 Morphological Methods 
2.2.1 Skull and Skeleton Preparation 
A small number of skulls and whole skeletons of the 
percichthyid species were prepared for examination with the 
aid of a dermestid beetle colony maintained at C.S.I.R.O. 
Division of Wildlife Research, A.C.T. Fresh or frozen 
specimens were skinned and left with the beetles for up to 
three months to remove all flesh. Extra skull material was 
obtained by boiling the heads of both fresh and preserved 
specimens. This method was quick, with cleaned bones being 
obtained in a matter of hours, but excess heat tended to dissolve 
the adhesive substances in bone sutures, causing bones to 
dissociate from the skull structure and making descriptions 
of relative bone positions and general skull shape difficult. 
The slower preparation using beetles left whole skeletons in 
which very few bones had been disturbed. 
Personally prepared skulls and skeletons, together with 
museum material, were examined to provide information on the 
morphological systematics of Australian Percichthyidae at and 
above the species level. 
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2.2.2 Measurements and Counts 
Seventeen measurements and 15 counts of morphological 
features were recorded from specimens of PZectropZites ambiguus 
and Macquaria austraZasica for statistical analysis of 
variation in conspecific populations. All measurements and 
all but two counts were of external features. X-rays (see 
section 2.2.3) provided counts of precaudal and caudal 
vertebrae. All measurements greater than 10 rnrn in length 
were made using a pair of Mitutoyo 0 - 300 rnrn dial calipers. 
Lengths of 10 rnrn and below were measured with the aid of a 
graduated eyepiece in a binocular microscope and appropriate 
correction factors for different magnifications. Numbers 
of scales, fin rays, spines, gill rakers and branchiostegals 
were counted with the aid of a magnifying lamp and binocular 
microscope. Very small fish were stained in a proceedure 
involving alizarine redS (see section 2.2.4), which helped 
to resolve scale patterns and skeletal structures. 
The measurements and counts used in this study are 
basically those described by Hubbs and Lagler (1949) for a 
study of fishes of the great lakes region, U.S.A., but with a 
few modifications. Figures 2.1 and 2.2 illustrate most of the 
measurements and some of the counts. 
were as follows: 
Characters examined 
Standard length; 
Body depth; 
from the most anterior part of 
the fish to the posterior margin 
of the hypural bone located 
beneath the lateral line. 
from the dorsal surface of the 
fish, immediately in front of 
Figure 2.1 
Diagramatic representation of a perch-like~fish, showing some of the 
morphological measurements and counts used~~ i_::i6:pui~r'fiori studies of P~ectrop~ites 
ambiguus and Macquaria austra~asiaa. SL = standarq).ength, BD = body depth, 
~~~~-~-",~,~;~~:~~;>~~:>~ ,( ' 
DCP = depth of the caudal peduncle, LCP = le:n:gj:.}l"'of __ .~})~·;;paudal perduncle, 
~ ,·~~~--~.;-...' '':' .>·:_ ... '"i."$' ··~,."'"' "'' 
PreDL = predorsal length, DB = dorsal base ;.:~§~~~·:.)3ta~~~se, PFL = pectoral fin 
~:~~~:~· 
length, PelFL = pelvic fin length, LDS = longest dorsal spine, LL = the number 
of scales in the lateral line, ALL = scales above the iateral lide and BLL = 
scales below the lateral line. 
' . ..,_. ___ . .,._,., ~-· -·-·· ..... , 
"' 0"1
....1 
Q 
., 
... 
0.. 
27 
I 
ldoi. ·., i 
~l· .... ; .,., 
i 
Figure 2 .. 2 ., 
' 
Anterior portio:rr""d'f an hypot~etical perch-like fish, 
showing some of the morphological head measurements used in 
population studies of Plectraplites ambiguus and Macquaria 
australasica. HL = head length, ShoutL = snout length, 
OL = orbit length, PHL = postorbital head length, UJL = 
upper j~w length and ML = mandible length. 

Peduncle depth; 
Peduncle length; 
Predorsal length; 
Dorsal base; 
Anal base; 
Pectoral fin length; 
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the first dorsal sp1ne, to the 
ventral surface in a line 
vertical to the longitudinal 
axis of the fish. The ventral 
point of measurement was usually 
at the origin of the pelvic fins. 
the least distance between the 
most dorsal and most ventral 
surfaces of the caud•al peduncle. 
from the posterior angle at the 
base of the anal fin to the 
posterior margin of the hypural 
bone located beneath the lateral 
line. 
from the most anterior part of 
the upper jaw to the dorsal 
surface immediately in front of 
the first dorsal spine. 
from the dorsal surface 
immediately in front of the first 
dorsal spine to the posterior 
angle at the base,of the dorsal 
fin. 
from the ventral surface 
immediately in front of the 
first anal spine to the posterior 
angle at the base of the anal fin. 
from the dorsal corner of the 
fin base to the most distal tip 
Pelvic fin length; 
Longest dorsal sp1ne; 
Head length; 
Snout length; 
Postorbital head length; 
Orbit length; 
Upper jaw length; 
Mandible length; 
Interorbital width; 
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of the fin rays. 
from the anterior base of the 
pelvic spine to the most distal 
tip of the fin rays (usually an 
extended filament at the end of 
the first fin ray). 
from the anterior base to the 
tip of the longest dorsal spine. 
from the most anterior part of 
the fish to the tip of the most 
posterior opercular spine. 
from the most anterior part of 
the upper jaw to the most 
anterior margin of the left orbit. 
from the most posterior margin 
of the left orbit to the tip of 
the most posterior opercular spine. 
from the most anterior to the 
most posterior margin of the 
left orbit, measured in a 
horizontal line. 
from the most anterior part of 
the upper jaw to the most distal 
part of the maxilla. 
from the most anterior part of 
the lower jaw to the 
articulation point of the 
quadrate and angular bents. 
the least distance between the 
Internare width; 
Dorsal spines; 
Dorsal rays; 
Anal sp1nes. 
Anal rays. 
Pelvic spines. 
Pelvic rays. 
Pectoral rays. 
Scales in the lateral line; 
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dorsal margins of the two orbits. 
the least distance between the 
inner margins of the posterior 
pair of nasal cavities. 
the number of spines in the 
dorsal fin. 
the number of rays (branched 
and unbranched) in the dorsal 
fin. Similar counts were made 
of:-
counted from where the lateral 
line canal becomes visible 
behind the posterior margin of 
the operculum, to the posterior 
most scale, including those on 
the basal part of the caudal fin. 
Scales above the lateral line; scales in a transverse series, 
counted from immediately in 
front of the first dorsal spine 
to where the series intersects 
the lateral line scales. 
Scales below the lateral line; scales in a transverse series, 
counted from immediately in 
front of the anal cavity to 
where the series intersects the 
Gill rakers; 
Branchiostegals. 
Precaudal vertebrae; 
Caudal vertebrae; 
Total vertebrae. 
Caudal rays; 
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lateral line scales. 
scored from the outer edge of 
the first branchial arch. All 
visible rudimentary protrusions 
at both ends of the series were 
counted. 
number of vertebrae lacking a 
haemal spine. 
number of vertebrae with a 
haemal spine, including those 
that form part of the caudal 
skeleton. 
number of principal branched 
rays that extend for more than 
half the length of the caudal 
fin. 
Measurements and counts were taken from the left side of 
the fish except where a specimen was damaged, in which case the 
affected characters were examined on the right side. All 
measurements except the longest dorsal spine were fleshy, with 
at least one of the two measuring points limited by skin or 
tissue rather than bone. Trunk characters, converted to a 
percentage of standard length, and head characters as a 
percentage of head length, together with counts, are listed 1n 
Appendix l. 
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2.2.3 X-rays 
X-rays of both museum and personally collected specimens 
were made and examined to provide additional information for 
intra-species and inter-species morphological studies. Fifty 
Maaquaria austraZasiaa and 310 PZeatropZites ambiguus specimens 
were X-rayed to obtain counts of vertebrae and to verify counts 
of dorsal, anal and caudal fin rays. Most of these X-rays were 
taken using a 90 kilovolt medical X-ray unit located at C.S.I.R.O. 
Division of Wildlife Research; A.C.T. The left lateral view 
of each fish was X-rayed from a distance of one metre with a 
setting of 60 kV (fine focus) and exposure times ranging from 
0.8 to 5.0 seconds, depending on the thickness of the specimen. 
Kodirex medical X-ray film was used at all times. 
At least two specimens of each percichthyid species were 
X-rayed from a distance of 2.5 metres by an AEG 50 X-ray unit 
in the School of Forestry, A.N.U. Voltage and exposure time 
varied with thickness of specimens. The high resolution 
radiograph~ obtained (see Plates 2.1 and 2.2) were used to 
examine number and position of predorsal bones and to verify 
the nature of a number of skull and skeletal characters 
described from skeleton preparations and dissection of 
specimens. 
2.2.4 Staining of Scales 
A number of very small (below 90 mm standard length) 
specimens of PZeatropZites ambiguus were stained with a 
technique involving alizarine red S, which helped to resolve 
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Plate 2.1 
X-ray of the skeletal structure o~ Pleatroplites 
ambiguus. Left side. Characters such as the number of 
precaudal and caudal vertebrae, number of caudal rays and 
number and configuration of predorsal bones and 
pterygiophores, are all easily examined on X-ray 
plates of this nature. 
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the scale pattern for counts of lateral line and transverse 
series scales. Scale patterns in small, unstained specimens 
were often hard to see due to translucent scales and heavily 
pigmented skin. The staining proceedure is a modification of 
the alizarine transparency technique described by Mahoney 
(1966). Specimens are not cleared and are only stained long 
enough to visualise the scale pattern. 
Specimens were fixed in 70 per cent ethanol for 16 hours. 
Each fish was stained in a 100 ml solution of 0.1 per cent 
sodium hydroxide, containing 25 drops of 0.5 per cent alizarine 
red S in 0.1 per cent sodium hydroxide. Fish were left in 
the stain for 5 - 7 hours, depending on size, until the scale 
pattern was readily visible under the skin. 
2.3 Electrophoretic Methods 
High voltage zone electrophoresis, using cellulose 
acetate gel and starch gel supporting media, was selected to 
separate enzymatic proteins and obtain measurements of relative 
mobilities for the purposes of this study. Cellulose acetate 
gels were used for 15 of the 19 enzymes surveyed while starch 
gels were used to examine four of the peptidase enzymes. 
2.3.1 Cellulose Acetate Electrophoresis 
Cellulose acetate as a supporting medium was first 
introduced to electrophoresis by Kohn (1957) and has been 
widely used since then. The cellulose acetate technique has 
been adopted in electrophoretic studies of a large number of 
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enzymes, including lactate dehydrogenase (Opher et al., 1966; 
Preston et al., 1965; Graymore, 1964), malate dehydrogenase 
(Geyer, 1968), glucose-6-phosphate dehydrogenase (Peterson et 
al., 1968) and creatine phosphokinase (Rosalski, 1965). 
Cellulose acetate was chosen as a supporting medium because 
it possessed certain advantages favourable to the conditions 
of this study: 
(a) Cellulose acetate gels provide a homogeneous, porous 
and relatively pure medium. This reduces reaction with 
applied protein samples to a minimum, eliminates "tailing'' 
effects caused by variable resistance to protein 
migration, and produces sharp separation with well 
defined bands. 
(b) Proteins migrate rapidly along the medium. For 
this study the entire proceedure of cellulose acetate 
electrophoresis and staining of proteins required only 
90 - 150 minutes. This compares favourably with 
proceedures using other types of medium. For example 
starch gel electrophoresis in many cases requires at least 
12 hours to produce the desired amount of protein migration. 
(c) Only small samples of protein (5 - 10 microlitres 
of tissue lysate per individual fish) were needed for 
clearly identifiable band patterns and only small 
quantities of often expensive stain reagents were needed 
to visualise areas of enzyme activity. Three 10 em by 
18 em strips of cellulose acetate gel could be stained 
adequately with as little as 2 ml of stain mixture. 
The proceedure for cellulose acetate electrophoresis 
followed in this study is basically that of Kohn (1960), but 
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with a number of modifications. Most of the reagent grade 
chemicals for buffer and staining systems were purchased from 
the Sigma Chemical Co. and the cellulose acetate medium was 
Reeve Angel Scientific Ra Cellogel. 
Small samples (l - 5 grams) of frozen liver or muscle 
tissue were placed in glass vials on ice. An equal amount by 
volume of cell-lysing solution was added to each sample. 
Samples were mascerated with a glass rod to aid in the break-up 
of tissue structure. Samples were then centrifuged at 
3,500 r.p.m. for 10 minutes, leaving the lysate, containing 
the proteins, as supernatent separated from the debris of 
broken cell structures at the bottom of the vial. 
It was found that for the 15 enzymes surveyed by cellulose 
acetate electrophoresis in this study, a buffer system of 0.1 
molar tris maleate at pH 7.8 gave the best results as a 
comprom1se between mobility and separation of isozymes and 
sharp definition of bands. For the fish enzymes tested tris 
maleate pH 7.8 yielded equal or superior results to other 
buffer systems (at various pH's) commonly used in work with 
other vertebrates (eg. tris citrate, tris borate, sodium 
barbital, phosphate and citrate-phosphate). The tris 
maleate buffer is as follows; 
0.1 M tris (hydroxy methyl) aminomethane (Sigma 7-9 grade) 
0.005 M ethylene-diamine-tetra-acetic acid (EDTA) 
0.005 M magnesium chloride 
The pH is adjusted to 7.8 with maleic acid (saturated 
solution). 
Nicotinamide-adenine dinucleotide phosphate (NADP) was 
occasionally added to the buffer solution when dealing with 
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unstable enzymes, such as glucose-6-phosphate dehydrogenase, 
that tended to break down during the procedure of 
electrophoresis. Twenty milligrams NADP per litre of buffer 
was usually sufficient to prevent diffusion of isozyme bands 
and secondary breakdown bands. 
Cellogel strips, stored in 50 per cent methanol, were 
soaked in buffer solution for at least 15 minutes to remove 
alcohol from the medium. Any alcohol remaining ln the 
medium will act as a substrate for one or more of the alcohol 
dehydrogenase isozymes and upon staining will produce unwanted 
bands. The strips were then gently blotted to remove excess 
buffer and placed in Gelman horizontal electrophoresis trays, 
each containing 500 ml. of buffer solution. The strips, with 
both ends immersed in buffer, were held in place by magnetised 
metal grips (see Fig. 2.3). The trays were connected to 
Gelman constant voltage power packs (500 volts, 125 milliamps) 
for a few minutes to allow buffer equilibration in the gels. 
After equilibration individual protein samples were 
applied to the porous side of the gel with a draughtsman's pen. 
A ruler was used to apply samples in a straight line across the 
gel so that lsozyme mobilities in individual fish could be 
easily compared. The origin (point of application of samples) 
was placed at the cathodal end of the gels, as all isozymes 
in this study migrated towards the anodal end. When all 
samples had been absorbed by the cellogel the trays were 
connected to a power source and run at 0.8 milliamps/ em 
width of cellogel strip for 70 - 150 minutes. The length of an 
electrophoresis rundepended on the time required to move a glven 
enzyme about 5 em along the strip from the origin. This 
; . 
; 
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Figure 2.3. 
Diagrams of the electrophoretic apparatus used to 
obtain data on protein variation between and within 
species. A and C represent cellulose acetate and starch 
gel systems respectively, viewed from above. B and D 
show the same systems viewed in lateral ~ection along 
the line of migration of the proteins. The dotted lines 
on each gel represent the application points of protein 
samples, and the arrows indicate the direction of migration 
of the proteins. 1 = bridge buffer solution, 2 = supporting 
gel and 3 = filter paper wicks. 
A 
+ 
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distance was optimal in scoring comparative isozyme mobilities 
of different fish. 
Each of the 15 enzymes surveyed by cellulose acetate 
electrophoresis in this study was visualised by a specific 
staining mixture. These staining mixtures have been developed 
by a number of workers using various electrophoretic 
techniques (review in Brewer, 1970; Shaw and Prasad, 1970). 
Six of the 15 enzymes are oxidoreductase (dehyrogenase) type 
enzymes that generate H+ ions when reacting with a substrate. 
These enzymes require the presence of either nicotinamide-
adenine dinucleotide (NAD) or nicotinamide-adenine 
+ dinucleotide phosphate (NADP) as a cofactor to take up H ions 
released by the reaction, forming NADH 2 or NADPH 2 . 
To utilise the production of H+ ions a monotetrazolium 
salt, 3-(4',5'-dimethylthyazolyl-2')-2,5 diphenyltetrazolium 
bromide (MTT), and phenazine methosulphate (PMS) are added 
to the staining mixture. PMS, an electron carrier which acts 
as a catalyst to the staining reaction, is reduced by the 
NADH 2 or NADPH 2 and in turn reduces the MTT, converting it to 
a formazan dye which makes a bluish stain at enzyme activity 
sites on the gel. 
Figure 2.4 Reactions involved in the staining of NAD - or 
NADP - dependant oxidoreductase enzymes, using lactate 
dehydrogenase (LDH) as an example. 
lactate PMS MTT 
reduced 
pyruvate PMS forma zan 
Oxidoreductase enzymes surveyed in this study are lactate 
dehydrogenase: E.C. 1.1.1.27 (LDH), glucose-6-phosphate 
dehydrogenase: E.C. 1.1.1.49 (G6PD), glyceraldehyde 
phosphate dehydrogenase: E.C. 1.2.1.12 (GAPDH), malate 
oxidoreductase: E.C. 1.1.1.37 (MOR), ~glycerophosphate_ 
dehydrogenase: E.C. 1.1.1.8 <~GPD) and 6-phosphogluconate 
dehydrogenase: E.C. 1.1.1.44 (6PGD)* 
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A further six enzymes of various types were visualised with 
the tetrazolium system by making staining mixtures which couple 
each enzyme with an oxidoreductase enzyme, producing the H+ 
ions required to reduce MTT to a formazan dye. Enzymes ln 
this category are phosphoglucomutase: E.C. 2.7.5.1 (PGM), 
aldolase: E.C. 4.1.2.7, fumarase: E.C. 4.2.1.2, glucose 
phosphate isomerase: E.C. 5.3.1.9 (GPI), adenylate kinase: 
E.C. 2.7.4.3 (AK) and triosephosphate isomerase: E.C. 5.3.1.1 
(TPI). 
Two aminotransferase type enzymes, glutamic-oxaloacetic 
transaminase: E.C. 2.6.1.1 (GOT) and glutamic-pyruvic 
transaminase: E.C. 2.6.1.2 (GPT), were visualised using an 
ultra-violet light technique described by Boyd (1961). PMS 
and MTT were omitted from the staining mixture and NADH 2 was 
used as a cofactor instead of NAD or NADP. GOT and GPT were 
each coupled to an oxidoreductase enzyme, but an excess of 
reduced cofactor caused a reverse in the direction of the 
oxidoreductase enzyme-substrate reaction and NADH 2 was absorbed 
as it converted to NAD. NADH 2 is fluorescent under an ultra-
violet lamp at 360 nm, and the sites of isozyme activity appear 
* The figures after each enzyme are Enzyme Commission numbers 
(Dixon and Webb, 1964) for the systematic classification 
of enzymes according to function. 
as dark spots where NADH 2 is absorbed. 
Activity sites of the enzyme indophenol oxidase (IPO) 
were found to appear on gels stained with the tetrazolium 
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system, especially those stained for PGM and LDH. Ultra-
violet light appears to catalyse the reduction of MTT 
(Brewer, 1967), causing a stained gel to develop a bluish 
background if exposed to light. IPO oxidises the formazan 
dye and areas of enzyme activity are visible as achromatic 
bands in the bluish background of the gel. 
After electrophoresis was completed the cellogel strips 
were immediately stained by being placed face down in 2 ml 
of staining mixture on a glass surface. Gels were allowed 
to incubate at room temperature in a moist, dark environment 
(eg. suspended above water in a lidded box) until all isozyme 
bands were resolved. At this point the gels were placed in 
10 per cent formalin to stop the staining reaction and to fix 
the proteins, preventing overstaining or excess diffusion of 
isozyme bands. Relative isozyme mobilities were normally 
recorded at this stage, but gels that were needed for 
photography or for future reference were stored in a seven per 
cent glycerol solution under refrigeration. 
2.3.2 Starch Gel Electrophoresis 
Starch gels were found to give good results for 
electrophoresis of four peptidase enzymes surveyed ln this study. 
These peptidases (E.C. sub-group 3.4) corresponded to 
peptidases (PEP) A, B, E and S (slow) of Lewis and Harris 
(1967) and Rapley et al., (1971). 
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Lysed protein samples were prepared as for cellulose 
acetate electrophoresis. The buffer system chosen was a 
discontinuous citrate-phosphate mixture, with a bridge buffer 
of 0.027 M citrate and 0.167 M potassium dihydrogen 
orthophosphate (KH 2Po 4 ) and a gel buffer of 1.21 mM citrate 
and 6.07 mM KH 2Po 4 . The pH of both buffers was adjusted 
to 7.0 with potassium hydroxide. Starch gels were prepared 
using Smithies'(l955) method. Thirty two grams of 
Connaught hydrolysed starch dissolved in 270ml of gel buffer 
made up each gel.· After the gel had set, a series of small 
vertical slits were made in a straight line approximately 
4 em from one end. Samples were applied by dipping 3 mm by 
8 mm filter paper wicks in each lysate preparation and inserting 
the wicks in the slits made in the gel. The bridge buffer and 
the gel were connected with 8 em by 15 em filter paper wicks 
soaked in bridge buffer (see Fig.2.3). Electrophoresis was 
carried out at 90 volts/gel for 16 hours. Both cellulose 
acetate and starch gel electrophoresis were conducted at 
temperatures of 3-5°C to prevent protein denaturation due to 
the generation of heat energy. Starch gels were wrapped in 
plastic film to prevent dehydration. 
The peptidases were visualised using a staining procedure 
described by Lewis and Harris (1967). The proteolytic 
peptidase hydrolyses a specific peptide to release amino acids. 
These amino acids are subjected to oxidative deamination by 
amino-acid oxidase and produce, amongst other compounds, 
peroxidase. The inclusion of o-dianisidine and peroxidase 
in the staining mixture results in the production of oxidised 
dianisidine, which stains a dark brown at the sites of 
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peptidase activity. Specific peptides used were valyl-
leucine for PEP A, leucyl-glycyl-glycine for PEP B, Leucyl-a-
napthylamide for PEP E and leucyl-leucine for PEP S. Gels 
were incubated at 37°C for one to two hours to visualise 
all bands. 
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Chapter 3 
Morphological Studies 
3.1 Introduction 
3.1.1 Morphology and Systematics 
Simpson (1961) has defined systematics as " the 
scientific study of the kinds and diversity of organisms 
and of any and all relationships among them". Of the 
many attributes of organisms, morphological characters have 
been, and perhaps still are, the major source of data for 
systematists when attempting to identify individuals or 
species, construct classifications, or infer evolutionary 
relationships (Blackwelder, 1967; Mayr, 1969; Crowson, 
1970). 
The importance of morphological characters in taxonomy 
has been such that, until the early 20th century, the concept 
of a separate species was based almost entirely on the 
morphological distinctness of natural populations; that is, 
the "morphological species concept", summa~ised by Mayr 
(1963). This concept has been modified following the 
accumulation of data showing marked morphological variation 
between conspecific individuals or populations, and the 
virtual absence of morphological variation between sibling 
specles shown to be reproductively isolated. Nevertheless 
morphological studies have remained a popular and powerful 
tool for describing species characteristics and comparing 
character states for the purpose of grouping or 
differentiating between higher taxa. 
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The predominance of morphological data in taxonomy and 
classification appears to have arisen from the following 
considerations: 
a) Morphological characters provide the most 
consistently available taxonomic information. 
Preparation of skull and skeletal material and 
the preservation of whole specimens allow the 
taxonomist to exam1ne or re-examine 
morphological characters at any time. 
b) Morphological characters are usually the only 
features of organisms that can be directly 
compared 1n fossil and extant material, as 
only the hard or bony parts of organisms are 
fossilised. Evolutionary and phylogenetic 
relationships of taxa can be inferred by 
observing the direction and extent of change 
in morphological features throught the fossil 
record to present day organisms. 
c) Until recently there has been a lack of 
taxonomic methods that yielded sufficient data 
to construct classifications without the use 
of morphological information. 
d) Morphological characters, especially features 
of external anatomy, are preferred where possible 
as criteria in taxonomic studies because they 
are the attributes of an organism most readily 
observable to a practising systematist in the 
field. 
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For the reasons given above a number of osteological, 
meristic and morphometric features of Australian freshwater 
percichthyid species were chosen as taxonomic characters in 
the present study. Any classification constructed or 
evolutionary relationships inferred from this morphological 
information can be tested by further work on related marine 
and freshwater species, or on fossil material as and when 
it becomes available. 
3.1.2 Experimental Design 
Morphological information obtained during the present 
study has been applied to three different areas of 
investigation of the systematics of Australian freshwater 
Percichthyidae: 
a) The taxonomic status and evolutionary affinities 
of the group as a whole (section 3.2). 
b) Systematic relationships within the group 
and description of species characteristics 
(section 3.3). 
c) Detection and measurement of geographical 
variation between conspecific populations of 
PZeatropZites ambiguus and Maaquaria austraZasiaa 
(section 3.4). 
A number of osteological and meristic characters were 
examined to provide information relevant to points a) and 
b) above. The characters examined included some of those 
used by Gosline (1966) to redefine and restrict the family 
Serranidae and to provisionally define attributes of the 
family Percichthyidae. Skull and skeletal preparations, 
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preserved material and X-rays of at least three specimens 
of each species were examined to verify morphological 
' 
descriptions. Line drawings were made of osteological 
features.which are relevant to the taxonomic revision of 
the group as a whole, or which illustrate species 
characteristics and dichotomies between subgroups. 
Morphological variation between conspecific populations 
of PZeatropZites ambiguus and Maaquaria austraZasiaa was 
measured by the statistical analysis of data from 32 
morphometric and meristic characters (see section 3.4.1). 
Similarity matrices of conspecific populations, constructed 
on the basis of significant variation found in the characters 
examined, were analysed to detect patterns of variation 
across the range of the species concerned and trends, if any, 
toward evolutionary divergence in geographically separated 
populations. 
3.2 Morphology of Australian Percichthyid Species 
3.2.1 Introduction 
Species of the Australian genera MaaauZZoaheZZa, 
PZeatropZites, Maaquaria and PeraaZates have tended in recent 
years to be allocated to the family Serranidae (Norman, 
1957; Greenwood et al., 1966; Lake, 1967~ 1971). The 
Serranid fishes have traditionally been considered a basal 
percoid family, that is they possess a number of the 
generalised percoid character states from which adaptive 
radiation of speciali~ed character states has taken place. 
There has been increasing dissatisfaction with the 
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classification of groups of generalised or central 
perciform fishes (Gosline, l966a; Greenwood et al., 1966; 
Rosen and Patterson, 1969; Rosen, 1973) and with the 
definition of the family Serranidar in particular (Whitley, 
1951; Smith, 1965; Gosline 1960, 1966, 1968). Gosline 
(1966) has summarised this dissatisfaction:-
"There has been a tendancy to place the serranids 
at the base of the percoids and all basal percoids 
in the serranids. As a result~ Serranidae 
can only be defined ... as containing all those 
percoid fishes that do not belong in some 
other family. More briefly~ it forms a 
wastebasket for lower percoids." 
The family Serranidae as defined by Gosline (1966) is 
much restricted, containing only the subfamilies Serraninae, 
Epinephelinae and Anthiinae of Jordan and Eigenmann (1890), 
together with the subfamilies Diploprioninae, Giganthiinae 
and Liopropomatinae of Katayama (1960). The Serranidae 
are redefined on the basis of a number of character states 
considered by Gosline to represent specialised divergences 
from the basal percoid condition. Of the species excluded 
by this definition, a number are grouped in the provisionally 
defined family Percichthyidae. This group includes 
Katayama's (1960) serranid subfamilies Acropomatinae, 
Doderleiniinae, Malakichthyinae, Polyprioninae, Niphoninae 
and Maccullochellinae, and some American freshwater genera, 
such as Roccus~ Percichthys and Percilia. The family 
Percichthyidae appears to have been erected on the basis of 
a number of generalised lower percoid character states held 
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in common by its members, and as such its cohesiveness as 
a natural phyletic group is questionable (for further 
discussion on this point see chapter 5). 
The redefinition of a restricted family Serranidae 
posed two questions concerning the six Australian species 
presently studied: 
a) Could these species still be allocated to 
the redefined family Serranidae on the basis 
of the criteria proposed by Gosline? 
b) If not, how could they be best classified? 
In particular, were these species adequately 
described by the criteria Gosline used to 
provisionally define the family Percichthyidae? 
Prior to the present study the affinities of the six 
Australian perciform species in question were somewhat 
uncertain. Gosline (1966) cited the genera PeraaZates, 
CtenoZates (PZeatropZites), Maaquaria and MaaauZZoaheZZa as 
Australian freshwater and estuarine representatives of his 
new family Percichthyidae, but did not support this assumption 
with any morphological evidence. He also included in the 
family Percichthyidae Katayama's (1960) subfamily 
Maccullochellinae - derived from the genus name 
MaaauZZoaheZZa erected by Whitley (1929). There is some 
discrepancy, however, between Katayama's description of the 
subfamily~ based mainly on Japanese forms, and 
morphological description of the MaaauZZoaheZZa species in 
the present study. For example Katayama describes the 
subfamily Maccullochellinae as having serrated preopercles, 
four predorsal bones (inter-neurals) and a long post pelvic 
process. Observations by the present author, together with 
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evidence from the study of Berra and Weatherley (1972), 
indicate that the Maaaulloahella species have no serrations 
on the preoperculum, between two and four predorsal bones 
with three the most common number, and a relatively short 
post pelvic process. 
To help dissipate confusion of this nature and to 
answer the questions posed above, a number of the characters 
used by Gosline (1966) to discriminate between Serranidae 
and Percichthyidae were examined in the Australian genera. 
The results are presented and discussed in the following 
two sections. 
3.2.2 Criteria of the Families Serranidae and Percichthyidae 
Seventeen characters were listed by Gosline (1966) to 
distinguish between serranids and percichthyids. Fourteen 
of these characters were examined in the Australian species. 
Illustrations of ten of these characters have been made, 
and are to be found at the end of section 3.2.2. The 
terminology of Gregory (1933) and Gosline (l9q6) has been 
followed in naming bone structures. 
Illustrations of the morphological features of 
PeraaZates aolonorum have not been shown because, in all 
characters examined, no variation was detected between 
specimens of Peraalates aolonorum and Peraalates 
novemaauleatus. Illustrations of features 1n Peraalates 
novemaauZeatus were therefore considered to be representative 
of the genus. 
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A. Number of opercutar spines (Figure 3.1B) 
One of the main features by which Gosline distinguishes 
his restricted family Serranidae is the presence of a 
third opercular point below the main opercular spine. 
One or two opercular spines, with the second point above 
the main spine, are the common conditions found in percoid 
fishes, including those groups placed by Gosline in the 
family Percichthyidae. A third lower opercular spine 
is apparently found only in the Serranidae and the closely 
related family Grammistidae, but not all serranids have 
three opercular spines. The single known exception to 
this pattern is the genus Niphon~ included by Gosline in 
the family Percichthyidae. Niphon has three opercular 
sp1nes but can be separated from the Serranidae by a 
number of other morphological characters. All the 
Australian genera examined have two opercular spines, but 
no third lower point. 
B. The upper surface of the ceratohyat (Figure 3.1A) 
The shape of this region varys according to the amount 
of bony protection given to a nerve running along the 
upper portion of the ceratohyal. In the groups identified 
by Gosline as Percichthyidae the upper surface of the 
ceratohyal is approximately straight, with either an oblong 
excavation 1n it or a complete foramen just below it. In 
the Serranidae the excavation has broadened out into a 
smoothconcave indentation of the upper surface. In 
Percatates there is a complete foramen; Macquaria and 
Ptectroptites have an oblong excavation; and MaccuZtocheZZa 
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has a smooth, concave indentation. 
C. LongitudinaZ ZateraZ ridge of the supraoccipitaZ crest 
(Figure 3.2) 
All of the Australian spec1es examined have a low 
flange or ridge running along either side of the 
supraoccipital crest. In addition, the dorsal margin 
of the crest in PZectropZites and PercaZates is expanded 
to form a broad surface running along just underneath 
the skin of the nape. Lateral ridges of the supraoccipital 
crest have been found in all Japanese forms of Gosline's 
family Serranidae (Katayama, 1959), and in a number of 
Hawaiian serranids examined by Gosline (1966); None 
of the American percichthyid genera examined by Gosline 
had the lateral ridges, but some of Katayama's Japanese 
forms alloted to the Percichthyidae apparently do have 
these ridges. 
D. ArticuZation of the paZatine (Figure 3.3A) 
The American percichthyid genera Roccus~ Percichthys 
and PerciZia have only one facet on the upper surface of 
the palatine for articulation with the lateral ethmoid. 
The serranid genera EpinepheZus~ DipZectrum and 
Pteranthias have an additional anterior palatine facet 
for articulation with the lateral ethmoid (Gosline, 1966). 
MaccuZZocheZZa~ PZectropZites and Macquaria appear tb 
have an extra anterior palatine facet, but PercaZtes 
has only the single facet. The prominence of the extra 
palatine facet varies greatly within each of the Australian 
species possessing this feature, and its value as a 
distinguishing character between the families Serranidae 
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and Percichthyidae lS questionable. 
E. Dorsal and anal soft ray pterygiophores (Figure 3.3B) 
Maccullochella~ Plectroplites~ Macquaria and 
Percaltes all have at least some dorsal and anal soft fin 
rays in which the pterygiophores are divided into three 
bony parts, with the smallest part adjacent to the base 
of the fin ray. A three-part pterygiophore is the 
normal condition found in lower teleosts, and this structure 
has been retained in some lower percoid fishes (Bridge, 
1896). The American percichthyid genera examined by 
Gosline (1966) have three-part pterygiophores, but ln 
the serranid genera Epinephelus and Diplectrum all 
pterygiophores have only two distinct bony parts - a 
condition apparently common in higher percoids (Bridge, 
1896). 
F. The exoccipital-vertebral column articulation (Figure 3.4) 
According to Katayama (1959) and Gosline (1966) the 
positions of the exoccipital condyles or articular surfaces, 
in relation to each other, form a graded series, from 
adjacent or moderately adjacent in percichthyids to widely 
separated in the serranids. All the Australian genera 
examined have adjacent exoccipital condyles but, as Gosline 
suggests, the overlap of the ranges of character states 
ln the Serranidae and the Percichthyidae makes this feature 
of little value as a distinguishing character. 
G. Number of actinosts articulating with the coracoid 
(Figure 3.5) 
In Katayama's (1959) Japanese forms there is a 
distinction between percichthyids and serranids in the 
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number of pectoral fin actinosts articulating with the 
coracoid. The percichthyids have ~ to one actinost 
abutting the coracoid, and the serranids have l~ to two. 
Gosline, however, found that the American percichthyid 
genus Percilia had l~ actinosts abutting the coracoid, 
indicating some overlap in range of character states 
between the Serranidae and the Percichthyidae. 
Maccullochella, Plectroplites, Macquaria and Percaltes 
all have ~ to one actinost on the coracoid. 
H. The post pelvic process (Figure 3.6) 
Katayama's (1959) descriptions of Japanese forms 
reveal considerable variation in the length of the post 
pelvic process relative to the overall length of the 
pelvic girdle. This variation appears to be sequential, 
ranging from a long process in percichthyid forms to a 
short process in serranid forms. This pattern was 
confirmed by Gosline (1966), who found that Percichthys 
trucha (Percichthyidae) had a long post pelvic process and 
DipZectrum pacificum (Serranidae) had a short process. 
The MaccullochelZa species have relatively short processes, 
while the genera Plectroplites, Macquaria and Percalates 
have long, forked processes. 
I. Number of caudal uroneurals (Figure 3.7A) 
One of the distinguishing features of the primitive 
percoid caudal skeleton is the presence of two separate 
uroneurals (Gosline, 1961; Patterson, 1968). In higher 
percoids the second uroneural appears to have been lost 
or fused with other bones, leaving only a single uroneural. 
All the serranid species investigated by Gosline (1966) 
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had only a single uroneural. The percichthyid genera 
Roccus and Percichthys had two uroneurals, but Percilia, 
which exhibited an unusually large amount of fusion in 
the caudal skeleton, had only a single uroneural. 
Plectroplites~ Macquaria and Percalates have two separate 
uroneurals, with the paired elements of the second, 
smaller bone partly overlying the posterior margin of the 
first uroneural. Only a single uroneural was found in 
Maccullochella. 
J. Caudal fin shape 
The forked. caudal fin appears to be a basic condition 
in teleosts, and in percoid fishes ln particular (Gosline, 
1966, 1971). Various other shapes, such as rounded or 
lunate caudal fins, have been developed by species that 
live in environments, such as reefs or streams, which 
require delicate manoeuvring in confined spaces. In 
general a forked caudal fin is characteristic of fishes 
which are fast, powerful swimmers and which have plently 
of room to manoeuvre. According to Gosline (1966) 
percichthyid species often have forked or emarginate caudal 
fins, but serranid fishes, while exhibiting caudal fins 
of various shapes, are rarely found to have fins with a 
forked shape. Maccullochella~ Plectroplites and 
Maaquaria have rounded caudal fins but Percalates has an 
emarginate fin shape. It is interesting to note that 
Peraalates lS also the only euryhaline genus examined, 
while all the other Australian genera are restricted to 
freshwater habitats. 
Caudal fin shape may be useful ln distinguishing 
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fishes that are not serranids, but it appears that the 
pattern of distribution of fin shapes in higher teleosts 
is more a function of adaptation to specialised 
environments and swimming habits than a reflection of 
the phyletic lines of development of groups of fishes. 
As such, the value of this feature as a taxonomic character 
must be treated with caution. 
K. Number and position of predorsal bones (Figure 3.7B) 
The number and configuration of predorsal bones, 
and the number of spines carried on the first dorsal 
pterygiophore, appear to vary greatly within the families 
Serranidae and Percichthyidae as defined by Gosline (1966). 
Predorsal bones vary from two to four 1n percichthyids, 
with three the most common number and with the last 
predorsal usually interdigitating behind the second neural 
spine (behind the third neural spine in Percilia and in 
Percichthys trucha). The first pterygiophore carries 
two spines in all percichthyid species examined by 
Katayama (1959) and Gosline (1966). Serranid species 
have one to three predorsal bones, the last 
interdigitating behind the second neural spine 1n 
Katayama's (1959) subfamily Serraninae, and behind the 
first neural spine in all other groups. The number of 
spines on the first dorsal pterygiophore varies between 
one and two. 
The typical configuration of predorsal bones and 
pterygiophores in Australian species is given in Figure 
3.7B, together with a list of observed variations. It 
would appear that the features described above are of 
very little value in distinguishing serranid and 
percichthyid species, at least in the Australian forms 
examined. 
L. Shape of the gas bladder 
Of the Japanese forms described by Katayama (1959), 
those considered by Gosline (1966) to be serranids have 
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a gas bladder that is rounded at both ends. The 
percichtyid species, however, tend to have a gas bladder 
that is either extended into a pair of projections 
anteriorly, or is extended into the first interhaemal 
posteriorly. Gosline (1966), however, found no gas 
bladder extensions in preliminary dissections of the 
percichthyid genera Roccus, Percilia and Percichthys. 
Dissections of Maccullochella, Plectroplites, Macquaria, 
and Percalates specimens have revealed that in no species 
examined does the gas bladder extend back into the first 
interhaemal, but in all cases the bladder is slightly 
but distinctly bilobed at its anterior end, partly to 
accomodate the passage of the anterior precaudal 
vertebrae. These anterior lobes, as far as can be 
ascertained, do not connect with the posterior surface 
of the neurocranium. 
M. Number of vertebrae 
Vertebral counts in serranid and percichthyid genera 
described by Boulenger (1895) and Katayama (1959, 1960) 
indicate that the most common, and also the m1n1mum, 
number of vertebrae in serranids is 24, and 1n 
percichthyids is 25. In both families many species 
have more than these respective numbers of vertebrae, 
but never less. So it appears that a species with 24 
vertebrae is at least not a percichthyid, but a species 
with 25 or more vertebrae cannot be assigned to either 
family on the basis of vertebral counts alone. All 
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the Australian species studied have 25 or more vertebrae. 
Observed counts (number of specimens examined in brackets) 
were: 
Maaaulloahella peeli (120) - 34-36 vertebrae 
Maaaulloahella maaquariensis (30) - 34-36 vertebrae 
Pleatroplites ambiguus (230) 26 vertebrae 
Maaquaria australasiaa (50) - 29-30 vertebrae 
Peraalates aolonorum ( 7 ) 25 vertebrae 
Peraalates novemaauleatus ( 5 ) 25 vertebrae 
N. Hermaphroditism 
Smith (1965) found that a number of genera of the 
family Serranidae (as defined by Gosline) are hermaphroditic. 
Some genera, including Serranus and Dipleatrum~ are 
synchronous hermaphroditesJ that is they possess male and 
female gonads which mature and function simultaneously 
in a single individual. Other genera, including 
Epinephelus and Cephalopholis, are protogynous 
hermaphrodites, with male and female gonads functional 
at different times in the life cycle of an individual. 
Smith also found that the genus Roaaus (included in 
Gosline's family Percichthyidae) was sexually dimorphic 
and not hermaphroditic at all. No histological studies have 
been carried out by the present author on the reproductive 
,organs of Australian species, but routine examination 
of specimens failed to detect any individuals in which 
male and female gonads were present together, and as far 
as is known there is no evidence of hermaphroditism in 
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any of these species. 
Gosline (1966) used a number of characters other than 
those mentioned above to define the restricted family 
Serranidae. Of these other characters only one, the length 
of the parietal crests, offers any further useful 
information on the taxonomic status of the Australian 
species. Included in Gosline's (1966) definition of the 
Serranidae is the stipulation that "Parietal crests, if 
present, not continued forward onto the frontaZs." 
Members of the genus MaccuZZocheZZa were the only species 
examined that had prominent crests on the parietals, but 
in these species the crests extended anteriorly onto the 
frontals (see Figure 3.9A). 
3.2.3 Discussion 
Gosline (1966) does not indicate his reasons for 
including the Australian genera MaccuZZocheZZa, PZectr~pZites, 
Macquaria and PercaZates in the family Percichthyidae. 
It is presumed that this was done either through 
association of the genus MaccuZZocheZZa with Katayama's 
(1960) subfamily Maccullochellinae, or by preliminary 
observation of the lack of a third lower opercular spine 
in the Australian species. In either event, the need to 
further investigate the systematic status of species 
formerly allocated to the family Serranidae was evident. 
It was decided that only those criteria likely to 
provide fairly rigid dichotomies between the families 
Serranidae and Percichthyidae could be used to meaningfully 
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Figure 3.1A 
Part of the hyoid arch, showing the basinyals (bhy), 
ceratohyal (chy) and epihyal (ehy). External lateral 
view, head of fish facing left. Note the smooth, 
concave upper surface of The ceratohyal in the 
MaaauZZoaheZZa species, the excavated upper surface 1n 
PZeatropZites ambiguus and Maaquaria austraZasiaa 3 and 
the complete foramen in PeraaZates novemaauZeatus. 
Note also the considerable splicing between the 
ceratohyal and epihyal bones in the MaaauZZoaheZZa 
species. These bones are joined mainly by cartilage 
in the other species. 
Figure 3.1B 
The opercular region, showing the operculum (op), 
suboperculum (sop) and interoperculum (iop). External 
lateral view, head of fish facing left. The dotted lines 
represent supporting opercular ridges which protrude on 
the inner surface of the operculum. All species have 
only two opercular spines. The spines of Maaquaria 
austraZasiaa are broad and flat, each consisting of a 
series of small, separate serrations. Note the lack of 
serrations on the margins of the suboperculum and 
interoperculum of the MaaauZZoaheZZa species. 
A Maccullodtella peeli B 
Mac~ullochella macquariensis 
Plectroplite$ ambiguus 
Percolates novemaculeatus 
Macquaria australasica 
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Figure 3.2 
Lateral view of the supraoccipital crest (soc) and 
the post temporal bone (pt), head of fish facing left. 
The arrow points to the longitudinal flange or ridge 
extending along the mid-sides of the supraoccipital in 
all species. The crests of the MaccuZZocheZZa species 
are less prominent than those of the other species, and 
the dorsal margins form a flatter slope with the 
longitudinal horizontal axis of the skull (see also Fig. 
3.8B). Note the thickened dorsal margin of the 
supraoccipital crest in PZectropZites ambiguus and 
PercaZates novemacuZeatus 3 and the lack of serrations on 
the posterior margin of the post temporal bone in the 
MaccuZZocheZZa species. 
Maccullochello peeli Maccullochella macquariensis 
Plectroplites ambiguus 
Percolates novemaculeatus Macquaria australasica 
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Figure 3.3A 
The palatine of Maccullochella peeli and 
Percalates novemaculeatus. External lateral v1ew, head 
' 
of fish facing left. Serrations on the ventral margins 
represent palatine teeth, which are present in all species 
studied. The arrow points to an extra anterior facet 
for articulation with the lateral ethmoid. This facet 
is present in the Maccullochella species, Plectroplites 
ambiguus and Macquaria australasica~ but not in the 
Percalates species. 
Figure 3.3B 
Posterior portion of the anal fin of Plectroplites 
ambiguus, showing the pterygiophores (ptg) of the last 
three anal rays (ar). Lateral view, head of fish facing 
left. The arrow points to an extra bony division of the 
antepenultimate pterygiophore. This situation is found 
in at least several dorsal and anal pterygiophores of all 
the spec1es presently studied, and is considered to be 
the normal condition in lower teleosts and some lower 
percoids (Bridge, 1896). 
A 
Maccullochella peeli 
Percolates novemaculeatus 
8 
Plectroplites ambiguus 
Figure 3.4 
Posterior portion of the neurocranium, in the region of the 
exoccipital-vertebral column articulation (dotted areas). Posterio-
ventral view, head of fish facing right. psp = parasphenoid, 
bo = basioccipital, eo = exoccipital and eoc = exoccipital condyle. 
The two articular facets of the exoccipital are adjacent in all 
species. This is thought to be the typical situation in percichthyid 
species (Katayama, 1959), as opposed to the typical serranid condition 
of well separated articular facets. 
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Figure 3.5 
Part of the pectoral girdle, showing the post temporal 
(pt), supracleithrum (scl), cleithrum (cl), scapula (sc), 
coracoid (co) and actinosts (act). External lateral 
view, head of fish facing left. In all species only 
~ to one actinost articulates with the coracoid - a 
typical percichthyid condition (Katayama, 1959). Note 
the serrated posterior margins of the post temporal and 
cleithrum in Pleatroplites ambiguus and Peraalates 
novemaauleatus~ and of the supracleithrum as well in 
Maaquaria australasiaa. No serrations ,were found on the 
corresponding bones in the MaaauZZoaheZZa species. 
Plectroplites ombiguus 
Moccullochello peeli 
Percqlotes novemaculeatus. 
Maccullochella macquariensis 
Macquariq australasico 
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Figure 3.6 
The pelvic girdle. Ventral view, head of fish 
facing left. In the MacculZocheZZa species the central 
postpelvic process is relatively short compared to the 
length of the rest of the pelvic girdle - a condition 
commonly found in serranid species. The other species 
have relatively long postpelvic processes, a common 
percichthyid feature (Katayama, 1959). 
Plectroplites ambiguus 
M occullocltella peeli 
Percolates novemaculeatus 
Maccullocltella mocquariensis 
Macquaria australasica 
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Figure 3.7A 
Upper portion of the caudal skeleton, showing the 
upper hypurals (hu), the epurals (eu), the uroneurals (un), 
the terminal vertebra (vl) and the reduced neural spine 
(ns) of the penultimate vertebra (v2). Lateral view, 
head of fish facing left. The arrow points to a second 
uroneural in Percalates novemaculeatus. This extra 
element partly overlies the larger first uroneural. A 
second uroneural is also found in Percalates colonorum, 
Plectroplites ambiguus and Macquaria australasica. The 
MaccuZZocheZZa species, as shown in MaccuZZocheZZa peeli, 
have only a single uroneural, presumably formed by the 
fusion of the two elements shown below. 
Figure 3.7B 
Dorsal portion of the post-cranial skeleton, showing 
part of the supraoccipital crest (soc), predorsal bones 
(pdb), anterior neural spines (ns), anterior dorsal 
pterygiophores (ptg) and dorsal spines (ds). Lateral 
view, head of fish facing left. The configuration of 
bones shown is typical for most of the species examined, 
but the following variations were observed from X-ray plates:-
Predorsal bones : two to four in the MaccuZZocheZZa species; 
three to four in Macquaria australasica; three only in 
the other species. 
First pterygiophore : interdigitates behind the third or 
fourth neural spine in MaccuZZocheZZa peeli, behind the 
third neural spine in Maccullochella macquariensis, 
behind the second or third neural spine in Plectroplites 
ambiguus, and behind the second neural spine in the other 
species. The first dorsal pterygiophore bears one or 
two spines in all species. 
A 
Maccullochell 0 peeU 
Percolates novemaculeatus 
8 
Plectroplites b· am lgUUS 
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determine the taxonomic position of the Australian species 
as a group. For this reason five of the 14 characters 
described in section 3.2.2 have been disregarded. The 
characters not considered were: presence or absence of 
an extra articular facet on the palatine; configuration 
of the exoccipital - vertebral column articulation; 
caudal fin shape; the number and configuration of the 
predorsal bones and the first dorsal pterygiophore; and 
the number of vertebrae. In each case no useful 
information was obtained concerning the familial status of 
the Australian genera. 
PZectropZites, Macquaria and PercaZates exhibit 
character states that are typically percichthyid in 
eight of the nine remaining familial characters considered 
useful. The exceptional character is the presence of a 
longitudinal lateral ridge on either side of the 
supraoccipital crest. Possession of such ridges lS thought 
to be a common serranid feature (Gosline, 1966), but some 
of Katayama's Japanese subfamilies allocated to the family 
Percichthyidae have these ridges also, indicating that the 
feature is not confined exclusively to serranids. 
Despite this exception it is considered that evidence 
from morphological descriptions of PZectropZites, Macquaria 
and PercaZates, using familial characters listed by 
Gosline (1966), clearly supports the inclusion of these 
genera in the family Percichthyidae. 
The familial status of the MaccuZZocheZZa species is 
not so clear. The genus MaccuZZocheZZa does not have a 
third lower opercular spine - considered by Gosline (1966) 
to be the single most important character for distinguishing 
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serranid species. The Maccullochella species also 
exhibit percichthyid, or at least non-serranid, character 
states in four other characters examined. These include: 
dorsal and anal soft ray pterygiophores divided into 
three bony parts; ~ to one actinost abutting the coracoid; 
an anteriorly bilobed gas bladder; and individuals of 
these species are bisexual rather than hermaphroditic. A further 
feature found in Maccullochella is the presence of 
prominent parietal crests which extend anteriorly onto 
the frontals - a condition not supposedly found in 
serranids. The Maccullochella species, however, exhibit 
serranid character states in that they have a smooth, 
concave upper border of the ceratohyal; a longitudinal 
lateral ridge on the supraoccipital crest; a short post 
pelvic process; and only a single uroneural in the caudal 
skeleton. 
The r~stricted family Serranidae has been defined on 
the basis pf a number of character states thought to 
represent specialisations from the generalised percoid 
conditions, most of which are found in percichthyid species 
(Gosline, 1966). Species of the genus Maccullochella 
appear to have acquired some of these specialised conditions 
and could be considered members of the family Serranidae if 
the possibility of secondary loss of the exclusively 
serranid third lower opercular spine is considered. 
Nevertheless the fact remains that the Maccullochella 
species have only two opercular spines, and on the basis 
of the present morphological descriptions a slight 
preponderance of evidence supports the provisional placement 
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of these species ln the family Percichthyidae. The 
author has some reservations about this conclusion, and 
about the cohesiveness of the Percichthyidae as a single 
taxon, but will discuss these points further in chapter 5. 
In any case it is apparent that more comprehensive 
information is needed concerning the systematic relationships 
of the genus Maccullo~hella. Assuming a marine origin 
of Australian freshwater percoids (see section 1.1), a 
final decision on the familial status and evolutionary 
affinities of the Maccullochella species may have to be 
reserved until similar systematic studies have been 
carried out on related Australian marine species. 
3.3 Morphological Variation Between Species 
3.3.1 Comparison of Species 
In addition to the characters described 1n section 
3.2.2, further morphological characters were examined in 
the six percichthyid species studied to provide more 
information on species characteristics and systematic 
relationships within the group. Only characters which 
exhibited variation between the species examined were 
considered useful for this purpose. Illustrations of 
some of these characters are given at the end of section 
3.3.1 and a summary of the morphological characteristics of 
each species is presented in Section 5.1. Members of the 
genera Plectroplites, Macquaria and Percalates will 
hereafter be collectively referred to as "the Macquaria 
group" for convenience of description and for reasons given 
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in section 3.3.2. 
A. Head shape - fPom the post oPbital Pegion foPWaPd 
(Figure 3.8A) 
A dorsal view of the snout region reveals that 
MaaauZloahelZa peeli, PZeatPopZites ambiguus and the 
PePaaZates species have lower jaws that protrude beyond 
the tip of the snout, a condition which becomes more 
obvious with increasing size of individual fish. The 
lower jaw in MaaauZZoaheZZa maaquaPiensis is hidden by 
(orl"'a Hy 
an overhanging upper jaw - a feature firstAdescribed for 
this species by Berra and Weatherley (1972). The lower 
jaw is also hidden in MaaquaPia austPalasiaa, but in this 
species the jaws are in vertical alignment at the tip of 
the snout and both the lower jaw and the lip of the upper 
jaw (formed by the maxilla and the premaxilla) are not 
visible from above because of a convex snout. 
There are slight differences in the location of the 
eyes. The eyes of the MaaauZZoaheZZa species have a 
dorso-lateral location and aspect, while the eyes of the 
Maaquaria ~roup are found closer to the side of the head, 
and have a more lateral aspect. The MaaauZZoaheZla 
species have a broad, rather blunt snout while the other 
species tend to have narrower, more tapered snout shapes. 
B. Shape of the neuPoaPanium (Figure 3.8B) 
In general the skulls of the MaaauZZoaheZla species 
are depressed and broad whereas the MaaquaPia group have 
skulls that are deep and compressed. These overall shapes 
are reflected in the shape of the neurocranium. When 
viewed from the side, skulls of equivalent length show 
that the MaaauZZoaheZZa species have less space between 
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the parasphenoid and the ventral surface of the frontal bones 
than do the other species. The vertical distance 
between the parasphenoid and the frontal bones in the 
interorbital region is not less than eight times the skull 
length (equivalent to head length) in Maccullochella and 
not more than seven times the skull length in the Macquaria 
group. 
The dorsal surface of the neurocranium 1n 
Maccullochella is flat and is almost level in the region 
of the orbit, with part of the small orbitosphenoid ridge 
visible when the skull is viewed laterally. The dorsal 
neurocranial surface of the Macquaria group is 
transversely convex between the orbital cavities and no 
bony ridges are visible on the inner surface when viewed 
laterally. 
C. Shape of the supraoccipital crest (Figures 3.2 and 3.8B) 
The medium longitudinal supraoccipital crests of the 
Maccullochella species are long, low and flat, with dorsal 
margins that are covered by muscle in whole specimens. 
The crests of the Macquaria group are large, triangular 
blade-like structures. In Plectroplites ambiguus and 
Macquaria australasica the dorsal margin of the crest forms 
a distinct concavity at its anterior junction with the 
dorsal surface of the neurocranium. The dorsal margins 
in Plectroplites and the Percalates species are laterally 
thickened to form a narrow roof running along just under 
the skin of the nape, and the dorsal tip of the crest tends 
to extend into a spine in some Percalates specimens. 
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D. Dorsal bones of the neurocranium (Figures 3.8B and 3.9A) 
Species of the genus Maccullochella are characterised 
by the possession of a transverse bony ridge on the frontals. 
This ridge encloses a commissure of the supraorbital 
lateral line canal and forms the most anterior point of 
muscle attachment on the upper surface of the neurocranium. 
Muscle attachment points are also found on the frontals 
in the Macquaria group, but these points do not form a 
continuous transverse ridge. 
The Maccullochella species also have prominent 
fronto-parietal crests running along either side of the 
supraoccipital crest and commencing immediately behind the 
transverse frontal ridge. There are no correspohding 
ridges on the parietals or frontals of the oth~r species 
examined. 
Other features which distinguish Maccullochella from 
the Macquaria group are a supraoccipital bone which extends 
past the anterior limit of the supraoccipital crest, and 
the comparatively well defined lateral line canal foramina 
on the anterior part of the frontals. 
E. Shape of the opercular spines (Figure 3.1B) 
All the Australian percichthyids examined have two 
opercular spines. The shape of the spines, however, varys 
between these species. The main opercular spine is a 
distinct single point in the Maccullochella and Percalates 
species. In Macquaria australasica both opercular spines 
are broad, flat protrusions with a ser1es of small serrations 
at the tip. The main opercular spine of Plectroplites 
ambiguus also has more than one point, but not as many as 
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that of Macquaria. 
F. Bones of the opercular region (Figures 3.1B and 3.9B) 
There are no serrations on the posterior or ventral 
margins of the preoperculum, suboperculum and interoperculum 
of the Maccullochella species. The corresponding bones 
are serrated to varying degrees in all members of the 
Macquaria group. The Percaltes species have very strong 
serrations on both arms of the preoperculum, with the 
spines of the lower arm pointing forward. Preopercular 
serrations are finer and more regular in Plectroplites 
ambiguus and Macquaria australasica. In addition the 
preopercular lateral line canal is more conspicuous and less 
bone-enclosed in Plectroplites and Macquaria than in the 
Maccullochella and Percalates species. 
G. The pectoral girdle (Figures 3.2 and 3.5) 
The posterior margins of the post temporal and cleithrum 
are serrated in all members of the Macquaria group. 
Macquaria australasica also has serrations on the posterior 
marg1n of the supracleithrum. None of the pectoral 
girdle bones has a serrated margin in the Maccullochella 
species, although the cleithrum of Maccullochella 
macquariensis has an undulating posterior marg1n. 
H. The premaxilla (Figure 3.10A) 
In skulls of equivalent length the premaxillas of the 
Maccullochella species are larger than those of the other 
species, and the lateral arms have a much broader span. 
The articular facets on the lateral premaxilla arms are 
located slightly closer to the end of the arms 1n 
Maccullochella macquariensis than they are in MaccullochelZa 
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peeZi. Maaquaria austraZasiaa specimens have the 
longest premaxillary ascending process and the sh6rtest 
lateral arms of all the species studied. The lateral 
arm articular facets are well developed in Maaquaria and 
extend to the tip of the arm. Proportions of the length 
of the ascending process against the length measured 
around the outer edge of one lateral arm (expressed as 
a percentage of lateral arm length) are: 
MaaauZZoaheZZa peeZi 30 
MaaauZZoaheZZa maaquariensis 32 
PZeatropZites ambiguus 47 
PeraaZates aoZonorum 46 
PeraaZates novemaauZeatus 46 
Maaquaria austraZasiaa - 100 
Each value is an average of measurements from at least 
three specimens. In this particular character Maaquaria 
austraZasiaa appears to be as distinct from PZeatropZites 
and PeraaZates as it is from the MaaauZZoaheZZa species. 
I. The mandible (Figure 3 1.10B) 
Viewed from below, the mandibles of the MaaauZZoaheZZa 
species have a broad, rounded lateral profile, while those 
of the Maaquaria group have a narrower, more tapered 
profile. In skulls of similar length the articular and 
dentary of "Maaquaria austraZasiaa are reduced compared to 
those of the other species. The mandible length of 
Maaquaria is not less than 2.5 times the skull length, but 
the mandible lengths of the other species are a~ound 2.0 
and never more than 2.2 times the skull length. 
' The size and shape of the mandibular lateral line 
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canal foramina form a gradient in the species examined, 
from large and rounded excavations in Macquaria 
australasica to small, oblong and narrow openings in the 
Maccullochella species. 
J. The suborbital series (Figures 3.8B and 3.llA) 
The suborbital consists of five bones in all species. 
·The lacrimal (first suborbital) is long and narrow in the 
Maccullochella species, with the anterior portion extending 
past the leading edge of the maxilla, even when the mouth 
1s open. The lacrimal and jugal (second suborbital) 
do not have serrated ventral margins in the Maccullochella 
species, but are serrated in Plectroplites and the 
Percalates species, with members of the latter genus 
having particularly strong serrations. The lacrimal of 
Macquaria australasica is only finely serrated and the jugal 
carries no serrations at all. 
K. The metapterygoid (Figure 3.llB) 
In tpe Maccullochella species a large foramen is 
visible in the metapterygoid bone where it adjoins the 
hyomandibular. The foramen is smaller 1n the Macquaria 
group and is hidden by a small lamina projecting out from 
the external lateral surface of the metapterygoid. 
L.Dentition 
All the spec1es examined have villiform teeth on the 
dentary, premaxilla and vomer~and tooth plates on the upper 
and lower pharyngeals. All species except Macquaria 
australasica have teeth on the ventral surface of the 
palatine. The Percalates species have additional teeth 
on the ventral margin of the ectopterygoid. In skulls of 
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Figure 3.8A 
External outline of the head, from the post orbital 
region forward. Dorsal Vlew. UJ = upper Jaw (premaxilla 
and maxilla); LJ =lower jaw. The lower Jaw protrudes 
beyond the tip of the snout in MaacuZZoaheZZa peeli 3 
Pleatroplites ~mbiguus and the Percalates species. The 
crease of the upper jaw is not visible from a dorsal 
viewpoint in M~aquaria australasiaa. The eyes of the 
MaaauZZoaheZZa species have a dorso-lateral aspect, whereas 
the eyes of the other species have a more lateral aspect. 
Note also the more tapered lateral head profile of the 
other species (see also Figures 3.lOA and B). 
Figure 3.8B 
Lateral view of the neurocranium, showing the 
parasphenoid (psp), orbitosphenoid (osp) and the suborbital 
series (sos), including the lacrimal (la). The arrow 
points to a well developed transverse frontal ridge found 
in the MaacuZZoaheZZa species but not in the other species. 
This ridge forms the most anterior point of attachment of 
musculature on the dorsal surface of the neurocranium 
(see also Figure 3.9A). Examination of skulls of similar 
length shows that the neurocranium of the MaccuZZocheZZa 
species is dorso-ventrally compressed, with less space 
between the parasphenoid and the dorsal surface than is 
found in the other species. The roof of the neurocranium 
is flatter in the Maa~uZZoah6Zla species than in the other 
species, with the small orbitosphenoid visible from a 
horizontal lateral viewpoint only in the MaccuZZoaheZZa 
species. 
A Maccullochella peelii 8 
Moccullochella macquariensis 
Plectroplites ambiguus 
Percolates novemoculeatus 
Macquoria oustrolosico 
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Figure 3.9A 
Dorsal v1ew of the neurocranium, showing the 
dermethmoid (de), frontals (fr), parietals (pa), 
supraoccipital (so1, epiotic (epo), .pterotic (pto), 
supraoccipital crest (soc) and fronto-parietal ridges 
(f-pr). The arrow in MaaauZZoaheZZa peeZi points to the 
transverse frontal ridge shown in Figure 3.8B. The 
corresponding area is arrowed in PeraaZates novemaauZeatus, 
where the most anterior points of muscle attachment do 
not form a continuous, well developed ridge. The 
MaaauZZoaheZZa species have prominent lbngitudinal fronto-
parietal ridges running along either side of the 
supraoccipital crest, a .feature not found in the other 
species. Note the expanded area o£ the supraoccipital 
in the MaaauZZoaheZZa species, and the well defined lateral 
line canal foramina on the anterior part of the frontals. 
Figure 3.9B 
Lateral v1ew of the preoperculum, head of fish facing 
left. The PeraaZates species have strong serrations on 
the margins of both preopercular arms, with the spines 
on the lower arm pointing forward. The serrations are 
finer in PZeatropZites ambiguus and Maaquaria austraZasiaa, 
and are absent altogether in the MaaauZZoaheZZa species. 
The preopercular lateral line canal is much less bone-
enclosed in PZeatropZites ambiguus and Maaquaria 
austraZasiaa than in the other species. 
A pto 
Moccullochello peeli 
soc 
epo 
Moccullochello mocquoriensis 
Plectroplites ombiguus 
Percolates novemoculeatus 
Mocquorio oustrolosico 
8 
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Figure 3.10A 
Anterior dorsal view of the premaxilla, head of 
fish facing left. From this angle teeth are visible along 
the anterior margin of the premaxilla in all species except 
Macquaria australasica. Note the slightly different 
locations of the dorsal flanges on the lateral maxillary 
arms in the Maccullochella species. Ratios of the length 
of the ascending process (ap) against the length around 
the outer edge of one lateral arm (expressed as a 
percentage of the lateral arm length) are: 
M. peeli - 30 P. ambiguus - 47 
M. macquariensis - 32 P. colonorum - 46 
M. australasica - 100 P. novemaculeatus - 46 
Figure 3.10B 
The mandible, showing the dentary (dn), articular 
(ar) and angular (an) bones and the foramina of the 
mandibular lateral line canal (llf). Ventral view, head 
of fish facing left. In skulls of similar length the 
articular and dentary bones of Macquaria australasica 
are much reduced compared to those of the other species. 
The size and shape of the mandibular lateral line canal 
foramina appear to form a gradient, from large and rounded 
in Macquaria australasica to small, oblong and narrow ln 
the Maccullochella species. Note the rounded lateral 
profile of the mandible in the Maccullochella species, 
compared to the tapered profile of the other species. 
A 8 
M. peeli 
M. macquariensis 
P. ambiguus 
P. novemaculeatus 
M. australasica 
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Figure 3.11A 
The anterior suborbital region, showing the lacrimal 
(la) or first suborbital, jugal (ju) or second suborbital, 
and parts of the maxilla (mx) and supramaxilla (smx). 
Lateral view, head of fish facing left. The lacrimals 
of the Maccullochella species are long and narrow, 
extending forward past the leading edge of the maxilla 
even when the mouth is open. The lacrimals of the other 
species are shorter and much deeper, and only partiaily 
cover the maxilla when the mouth is open. The lacrimal 
and jugal in the Maccullochella species have relatively 
smooth ventral margins. The corresponding bones in the 
other species are all serrated along their posterior margins, 
with the exception of Macqua~ia aust~alasica~ in which the 
jugal is not serrated. 
Figure 3.11B 
The "cheek" reglon, showing the metapterygoid (mpt), 
hyomandibular (hyo), and part of the symplectic bone (sym). 
Lateral view, head of fish facing left. The arrrow points 
to a large foramen ln the metapterygoid where it adjoins the 
hyomandibular. The formamen is readily visible in the 
Maccullochella species, but is much smaller in the other 
species and is hidden by a small covering process or lamina 
rising above the general level of the metapterygoid. 
A Maccullochella peeli 8 
Maccullochella macquariensis 
Plectroplites ambiguus 
Percolates novemaculeatus 
Macquorio australasica 
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equivalent length individual teeth, especially those found 
on the dentary and premaxilla, are much larger and longer 
in the MaaauZZoaheZZa species than in the other species. 
3.3.2 Discussion 
Examination of evidence from the description of 
morphological characters in sections 3.3.1 and 3.2.2 has 
revealed a number of patterns concerning systematic 
relationships within the Australian freshwater Percicht~yidae. 
The patterns observed apply to various taxonomic levels 
within the group., but can be adequately covered by four 
main conclusions: 
a) No morphological evidence from the present 
study supports the separation of members of the 
genus PePaaZates into two distinct species. 
At least three specimens of each of the forms identified 
as PePaaZates aoZonoPum and PePaaZates novemaouZeatus 
were examined. In no character was significant variation 
detected between the two forms. Williams (1970), amongst· 
other features, described P. coZonoPum as having a longer 
and more pointed snout, a more concave dorsal head profile, 
a shorter postorbital head and less stout opercular spines 
than P. novemacuZeatus. Williams distinguished between 
the two forms using a discriminant function based on four 
overlapping morphological characters: number of gillrakers; 
post orbital head length; orbit to articular bone length; 
posterior naris to orbit length. Variations in these 
characters were not readily observed by the present author, 
although the number of specimens examined (five of 
P. novemaculeatus and seven of P. colonorum) may not 
have been adequate for this purpose. 
Stead (1906) and Williams (1970) maintain that the 
two forms of Percalates are ecologically distinct and 
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are subject to some degree of temporal reproductive 
isolation in areas where they are sympatric. It would seem 
reasonable to expect isolation of this nature to be 
reflected by divergence in the gene pools of 
P. novemaculeatus and P. colonorum, and in fact some 
preliminary evidence of this trend has been detected 
during electrophoretic studies of protein variation between 
the two forms (see section 4.2.2). 
If the two forms of Percalates are to be considered 
separate species, it appears that morphological, especially 
osteological, features are not adequate to describe the 
differences between them. Biochemical and ecological 
characteristics appear to be best suited to this purpose. 
b) There is evidence of morphological 
variation between the species MaccuZZocheZZa 
peeli and MaccuZZocheZZa macquariensis. 
Routine examination of preserved specimens and X-rays has 
confirmed observations by Berra and Weatherley (1972) that 
M. macquariensis differs from M. peeli by having an 
overhanging upper jaw, a straight head slope and 14 
precaudal vertebrae, whereas M. peeli has either equal 
jaws or the lower jaw protruding, a concave head slope 
and 15 precaudal vertebrae. In addition it was found 
that the premaxilla lateral arm articular facets are more 
distally located 1n M. macquariensis than in M. peeli 
(Figure 3.10A). Evidence from morphological descriptions 
and from electrophoretic variation ln proteins (section 
4.2.2) is considered sufficient to distinguish two 
separate species in the genus Maccullochella. 
c) On the basis of morphological evidence 
presented there is a marked dichotomy between 
the Macquaria group (Plectroplites, Macquaria, 
and Percalates) and the genus Maccullochella. 
The Maccullochella species have a broa~ rounded and 
depressed head shape; a dorso-lateral eye position; a 
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flat dorsal neurocranial surface; a smooth, concave upper 
border of the ceratohyal and a highly serrated suture between 
the ceratohyal and the epihyal; a low, flat supraoccipital 
crest; a transverse frontal ridge; prominent fronto-
parietal ridges; the supraoccipital extending past the 
anterior limit of the supraoccipital crest; no serrations 
on the preoperculum, suboperculum, interoperculum, post 
temporal, cleithrum or lacrimal; a premaxilla in which the 
ascending process is three times or more in the length of the 
lateral arm; and a metapterygoid with a large, visible 
foramen in it. 
The Macquaria group has a generally deep, compressed 
and tapered head shape; a lateral eye position; a 
transversely convex dorsal surface of the neurocranium; 
a straight upper border of the ceratohyal with either an 
oblong excavation in it or a complete foramen just below it, 
and almost no serrations of the suture between the 
ceratohyal and the epihyal; a prominent triangular shaped 
supraoccipital crest; no complete transverse frontal ridge; 
no prominent fronto-parietal ridges; the supraoccipital 
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not extended past the anterior limit of the supraoccipital 
crest; serrations on the posterior or ventral borders of 
the preoperculum, suboperculum, interoperculum, post 
temporal, cleithrum and lacrimal; a premaxilla in which 
the ascending process is 2.2 or less in the length of 
the lateral arm; and a metapterygoid with a small foramen 
covered by a lamina. 
There are also differences between Macculloehella and 
the Macquaria group in the size and shape of the premaxilla 
and the mandible, but these features are expressed in the 
overall head shape and will not be included as separate 
characters. 
Of the characters examined in which variation was 
found between species approximately ~4 exhibited a dichotomy 
of character states between Maccullochella and the 
Macquaria group. The functional and evolutionary importance 
of character states contributing to this dichotomy have not 
been clearly established, but the overwhelming preponderance 
of evidence presented indicates that members of the 
Macquaria group are much more closely related to each other 
than they are to the Maccullochella species. The amount 
of variation present, and the evolutionarily conservative 
nature of some of the characters in which variation 1s 
observed (for example the shape of the neurocranium and 
the configuration of its component bones), suggests that 
the two subgroups can be separated at least at the genus 
level, and possibly at the family level if the genus 
Maccullochella is found in subsequent studies to have 
closer affinities with genera outside the family Percichthyidae. 
d) Members of the genera Plectroplites~ 
Macquaria and Percalates form a closely 
related natural group with a single 
phyletic line of origin. 
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Thirteen out of 40, or 33 per cent of morphological 
characters examined were found to show variation between 
members of the Macquaria group. 
The Percalates species differ from Plectroplites and 
Macquaria in that they have a complete foramen near the 
upper border of the ceratohyal (an oblong excavation in 
the upper surface in Plectroplites and Macquaria); an 
emarginate caudal fin (rounded caudal fin); the dorsal tip 
of the supraoccipital crest tapering back to a spine (no 
spine); the main opercular spine with only a·single point 
(multiple points); and teeth on the ectopterygoid (no 
teeth). 
Macquaria australasica can be separated from 
Plectroplites and the Percalates species by virtue of 
having equal jaws (lower jaw protruding in Plectrop Zi tes 
and Percalates); a simple blade-like supraoccipital crest 
(dorsal margin of the crest laterally expanded); a 
comparatively small premaxilla with an ascending process 
to lateral arm proportion of 100 per cent (ascending 
process to lateral arm proportions of 46 and 47 per cent); 
a comparatively small mandible; serrations on the posterior 
margin of the supracleithrum (no serrations); no serrations 
on the jugal (serrated); and no teeth on the ventral surface 
of the palatine (teeth present). 
There are no character states which Plectroplites 
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ambiguus does not share with at least one other member of 
the group. 
The most striking feature distinguishing Macquaria 
australasica from the rest of the group is its small jaw 
structure, with the lateral arms of the premaxilla and the 
dentary and articular bones of the mandible much reduced 
compared to thoseof Plectroplites and Percalates specimens 
of similar length. It may be considered that variation of 
this nature in a functionally important part of the skull 
structure is sufficient evidence to further subdivide the 
Macquaria group, separating Macquaria australasica from the 
other species. On the other hand the jaw structure in 
Macquaria, as with the emarginate caudal fin of the 
Percalates species, could represent an isolated specialised 
adaptation by a species within a group to a particular 
environment or life style rather than a reflection of 
different evolutionary lines of development within the 
group. All the other characteristics by which Macquaria 
can be morphologically distinguished are of minor functional 
significance, and in the vast majority of characters examined 
- including the shape of the neurocranium and the configuration 
of its component bones - Macquaria is closely similar to 
Plectroplites and Percalates. 
The most functionally significant morphological 
variation exhibited by the Percalates species is the 
possession of an emarginate caudal fin and, for the same 
reasons as given above, it is considered that this species 
also should not be separated from the Macquaria group. 
On the basis of the evidence reviewed above members 
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of the genera PZectropZites, Macquaria and PercaZates 
form a monophyletic group of Australian percichthyid 
species which can be alloted to a single subfamily or even 
to a single genus (see section 4.2.2 and discussion in 
Chapter 5). 
3.4 Morphological Variation Within Species 
3.4.1 Introduction 
The specles has long been regarded as the basic unit 
of evolutionary biology and classification. There have 
been numerous interpretations of the concept of a species, 
involving the consideration of morphological, ecological, 
geographical, behavioural and genetic factors. Perhaps 
the most common of these concepts is that of one or more 
natural populations of organisms which share a common gene 
pool. Such populations interbreed or have the potential to 
do so. It is essential that information be gathered 
concerning the cohesiveness of a species and the extent to 
which factors such as geographical, ecological and 
behavioural isolation tend to cause evolutionary divergence 
between conspecific populations. This type of information 
will not only facilitate taxonomic analysis of such groups 
but will help to ascertain the predictive value of 
experimental data obtained from a small number of speclmens 
that are considered to represent a given specles. 
To date very little information has been gathered 
concerning intra-specific variation in any of the 
Australian freshwater and estuarine percichthyid species. 
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Some data on intra-specific variation of morphological 
characters have been published in papers on comparisons 
of the PercaZates species (Williams, 1970) and the 
MuccuZZocheZZa species (Berra and Weatherley, 1972), but 
as far as is known no attempt has been made to detect and 
measure variation between conspecific populations from 
river systems across the range of each species. 
PZectropZites ambiguus and Macquaria austraZasica 
were chosen for population studies because no previous 
information on intra-specific variation was available for 
these species. In addition, preliminary examination of 
specimens revealed that both species showed marked colour 
variations across their geographic ranges, suggesting some 
degree of differentiation between isolated conspecific 
populations. To test this idea 32 morphometric and 
meristic characters were measured in PZectropZites ambiguus 
and Macquaria austraZasica specimens from eight rlver 
systems in south-eastern Australia. Data from these 
measurements were statistically analysed to detect 
significant variation between isolated populations. The 
patterns of variation so obtained were examined to reveal 
trends, if any, toward divergence within either of the 
two species. 
3.4.2 Material and Statistical Methods 
A large number of personally collected and museum 
specimens of PZectropZites ambiguus and Macquaria 
austraZasica were examined to provide data on intra-specific 
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morphological variation. Collection sites are shown 1n 
Figure 3.12. All registration numbers listed below 
refer to specimens held in the Australian Museum, Sydney, 
N.S.W. 
Specimens of Plectroplites ambiguus were sampled from 
five r1ver systems in three major drainage areas. 
Collection sites and the sample sizes (N) of specimens 
examined were as follows:-
l. Bland Creek (N=45) - a small internal drainage system 
situated between the Lachlan and Murrumbidgee rivers. 
These specimens were part of Dr. T.M. Berra's collection, 
held at the Australian National University until after 
the completion of the present study. These specimens 
have since been deposited at the Australian Museum, Sydney. 
2. Lachlan river - four locations 
a) (N=5) Lachlan river at Condoblin, N.S.W. 
from the collection of Dr. Berra. 
Also 
b) (N=l2) Twenty four kilometers upstream from Lake 
Cargelligo, N.S.W. Museum numbers 1.15809-005 and 
1.15809-006. 
c) (N=4) Twenty kilometers upstream from Lake Cargelligo. 
d) (N=2) Lake Curlew - connected to the Lachlan river 
by a short channel. 
Lake Cargelligo. 
Five kilometers upstream from 
3. Darling river - four locations 
a) (N=4) Thirty seven kilometers upstream from Menindie, 
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Figure 3.12 
A maR of south-eastern Australia, showing the capture 
locations of personally collected and museum specimens used 
for morphological studies of intra-species variation 1n 
Pleatroplites ambiguus and Maaquaria australasiaa. 
Descriptions of capture locations and numbers of specimens 
collected are given in section 3.4.2. 
Loke Eyre 
A Personally collected Plectroplites ambiguus 
• Museum and . other Plectroplites ambiguus 
• Museum and other Macquaria australasica 
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N.S.W. 1.15813-002 
b) (N=lO) Darling river billabongs, Kinchega National 
Park- near Menindie. 1.16002-003; 1.16002-004; 
1.16002-015; 1.16002-016; 1.16002-017. 
c) (N=2) Thirty two kilometers downstream from Bourke, 
N.S.W. 1.15827-002. 
d) (N=36) Eight kilometers upstream from Bourke. 
4. Bulloo river (N=33) - an internal drainage system. 
Specimens collected near Thargomindah, Queensland. 
5. Wilson river (N=78) - a tributary of Coopers Creek in 
the Lake Eyre internal drainage area. 
at Nockatunga waterhole, Queensland. 
Specimens collected 
Collection sites for Macquaria australasica specimens 
sampled were:-
1. Seven Creeks (N=l5) - a small tributary of the Goulburn 
river in the Murray river drainage area. Specimens 
collected near Euroa, Victoria by Dr. T. M. Berra. 
2. Murrumbidgee rlver system - two locations 
a) (N=l3) Cotter Dam, one kilometer from the junction 
of the Cotter and Murrumbidgee rivers. Fifteen 
kilometers from Canberra, A.C.T. 
b) (N=7) Burrinjuck Dam, on the Murrumbidgee river 
40 kilometers from Yass, N.S.W. 1.15794-001; 
1.15794-003; 1.15795-007. 
92 
3. Shoalhaven river system- two locations 
a) (N=l2) Kangaroo river, a small tributary of the 
Shoalhaven. The specimens were netted near 
Kangaroo Valley, N.S.W. 1.16625-001; 1.16631-001. 
b) (N=3) Shoalhaven river, exact location unknown. 
1.16626-001; 1.16627-001. 
Specimens collected from locations in a single river 
system have been regarded as belonging to a single 
population and have been grouped for the statistical 
analysis of morphological variation between populations. 
This approach has been applied to specimens from the 
Darling river, the Lachlan river, Cotter and Burrinjuck 
Dams and the Kangaroo and Shoalhaven rivers. 
Data from 17 morphometric characters were plotted 
against either standard length or head length to detect 
allometric growth over the large size range of specimens 
examined (lll- 439 mm standard length). In both 
PZeatropZites and Maaquaria allometric growth was detected 
in a number of characters, particularly the length of the 
longest dorsal spine and the orbit length. To minimise 
the potentially misleading effects of non-linear 
regressions in determining non-random morphological 
variation between populations, a small size class of 
speclmens was arbitrarily selected for the scoring of 
morphometric characters. Within this small size class it 
was considered that any change in the slope of a regression 
line was so slight that a linear relationship could be 
assumed and regression lines of different populations could 
be compared on this basis. Size classes chosen were 
PlectPoplites specimens of 250 - 350 mm standard length 
or 90 - 120 mm head length, and MacquaPia specimens of 
150 - 205 mm SL or 55 - 75 mm HL. 
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All specimens available were scored for the 15 non-
growth-dependant meristic characters examined. The sample 
sizes of different populations for each character examined 
are listed in the tables of Appendix 1. 
Morphometric measurements were converted to percentages 
of standard length or head length, and data from all 
characters were tested for significant variation between 
conspecific populations by using the Student's t-test. 
t-values were calculated using the expression; 
t = Ml - M2 
vl + v2 
Nl N2 
(Sokal and Rohlf, 1969, p.374) 
where M1 and M2 = the mean values of the character scored 
1n samples 1 and 2; v1 and v2 = the variances; and N1 and 
N2 = the sample sizes (see Appendix 1). The formula chosen 
tests the equality of means of two samples whose variances 
are assumed to be unequal - a situation commonly 
encountered when scoring characteristics from samples of 
different populations. 
The critical value t~, above which t is significant, 
is calculated from the following expression; 
t~ = (Sokal and Rohlf, 1969, p.374) 
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where ~ = the level of probability chosen above which the 
hypothesis of random variation between sample means (the 
null hypothesis) is rejected; t~[dflJ and t~[df2J =critical 
t-values determined by the number of degrees of freedom (df) 
of each of the two samples (1 and 2) compared. In this 
case dfl = N1-l and df2 = N2-l. 
The critical value t~ is a weighted average whose value 
must lie between t~[dfl] and t~[df2]. If t is greater than 
the t~ for the smaller number of degrees of freedom, then 
t can be accepted to be significant without further 
calculation. Similarly if t is smaller than the t~ for the 
larger number of degrees of freedom then t is declared not 
significant without further test. Only if t falls between 
t~[dfl] and t~[df2] does the critical value t~ need to be 
calculated. 
The t-values and degrees of freedom of the 32 
morphological characters analysed in five populations of 
PZectropZites ambiguus and three populations of Macquaria 
austraZasica are given in two tables in Appendix 1. 
3.4.3 Results - PZectropZites ambiguus 
Table 3.1 shows a matrix of variation coefficients 
for samples of five geographically separated populations of 
PZectropZites ambiguus. The coefficient values, ranging 
from 0 to 1.0, are indices of significant variation between 
these populations in 32 morphological characters, and are 
calculated at both the five per cent (0.05 - upper 
triangle) and the one per cent (0.01 - lower triangle) 
levels of probability of the null hypothesis. Similar 
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Table 3.1 
A matrix of variation coefficient values between five 
geographically separated populations of Plectroplites 
ambiguus. The coefficients, which assume values between 
0 and 1.0, represent the proportion of significant 
variation detected between populations in 32 
morphometric and meristic characters. Values above 
the diagonal are the proportion of t.test values 
significant at the five per cent level of propability, 
and values below the diagonal are the proportion of t· 
test values significant at the one per cent level. The 
values below the diagonel represent a more stringent 
test of variation between populations. 
Wilscn 
river 
Bulloo 
river 
Darling 
river 
Lachlan 
river 
Bland 
Creek 
0.00 
0.00 
0.19 
0.50 
0.50 
0.50 
Wilson 
river 
0.31 
0.00 
0.00 
0.38 
0.38 
.. 
0.34 
Bulloo 
river 
0.53 
0.41 
0.00 
o.oo 
0.13 
0.41 
Darling 
river 
0.56 
0.50 
0.28 
0.00 
0.00 
0.16 
Lachlan 
river 
0.56 
0.41 
0.59 
0.31 
0.00 
Bland 
creek 
0.00 
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patterns of variation between Plectroplites populations 
are expressed in both triangles, but the coefficients 
calculated at the one per cent level, being a more 
stringent test of variation, permit greater differentiation 
between populations. 
The one per cent level coefficient values show that 
degree of morphological variation between Plectroplites 
populations is correlated with the proximity of these 
populations to each other. There is little variation 
between populations which are geographically "adjacent" to 
one another: for example Wilson - Bulloo river, 0.19; 
Darling - Lachlan river, 0.13; Lachlan river - Bland 
Creek, 0.16. As the geographical distance between 
populations 1ncreases, so does the amount of significant 
variation. Coefficients between the Bulloo river 
population and the Murray-Darling drainage area populations 
range fro~ 0.34 to 0.38, and between the Wilson river and 
Murray-Darling populations 0.50 or 50 percent of 
morphological characters examined show significant variation. 
Within the Murray-Darling drainage area the widely separated 
Darling river and Bland Creek populations show variation 
measuring 0.41. 
In addition to the clinal pattern described above 
there is a noticable distinction between the populations 
of the Bulloo and Wilson river internal drainage systems, 
and the populations of the Murray-Darling drainage area. 
Variation between the geographically "adjacent" Bulloo and 
Darling river populations measures 0.38, and the internal 
drainage populations are morphologically much more similar 
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to each other than they are to the Murray-Darling 
populations. The dichotomy between these two groups 
is most apparent in sample means and t-test values of the 
length of the longest dorsal spine, the orbit length, 
the number of dorsal rays, the number of pectoral rays 
and the number of scales in the lateral line (see Appendix 
l). This pattern is not clearly observed, however, ln 
the other characters examined, and overall estimates of 
morphological variation between populations appear to be 
the cumulative result of a variety of geographical patterns 
in different characters. 
3.4.4 Results - Macquaria australasica 
Table 3.2 shows a matrix of variation coefficients 
for samples of three populations of Macquaria 
australasica. The matrix values were derived ln the same 
manner as described for Plectroplites populations, and 
very similar patterns of variation are expressed by the 
one per cent and five per cent level coefficient values. 
The one per cent level coefficients indicate that 
there is little variation between the Cotter-Burrinjuck 
and the Seven Creeks populations (0.03). There are 
large amounts of variation (0.38 and 0.43) between both 
these Murray-Darling populations and the eastern coastal 
Kangaroo-Shoalhaven river population. This dichotomy is 
most evident in the sample means and t-test values of the 
number of branchiostegals, the number of scales in the 
lateral line, the number of dorsal spines, the number of 
caudal vertebrae, the length of the longest dorsal spine 
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Table 3.2 
A matrix of variation coefficient values between three 
geographically isolated populations of Macquaria 
australasica. The values are calculated from the amount 
of significant variation detected between populations in 
32 morphometric and meristic characters. The figures 
above the diagonal are the proportion of t-test values 
significant at the five per cent level of probability, 
and the figures below the diagonal are the proportion of 
t-values significant at the one per cent level. Specimens 
from the Kangaroo and Shoalhaven rivers, and from the Cotter 
and Burrinjuck Dams (both in the Murrumbidgee river system), 
had to be grouped together to provide sample sizes large 
enough for meaningful statistical analysis. 
Kangaxoo river/ 
Shoalhaven river 
Cotter dam/ 
Burrinjuck dam 
Seven Creeks 
0.00 
0.53 
0.00 
0.00 
0.43 
0.00 
0.38 0.03 
Kangaroo river/ Cotter dam 
Shoalhaven river Burrinjuck dam 
0.43 
0.00 
Seven 
Creeks 
0.16 
o.oo 
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and the depth of the caudal peduncle (see Appendix 1). 
The data presented suggests that there is a sharp 
morphological distinction between Murray-Darling and 
eastern coastal Macquaria populations across the watershed 
of the Great Dividing Range. To test this hypothesis a 
number of Macquaria specimens from other eastern coastal 
~~ 
and Murray-Darling river systems were examined at the 
Australian Museum, Sydney. Eastern coastal specimens 
included: IB.l372, IB.l373, IB.671, IB.672 - Mt. Irvine, 
N.S.W.; 1.7196, 1.7197, 1.4692- Nepean river, N.S.W.; 
IB.7906- Grose river, N.S.W.; 1.16629-001- Waragamba 
Dam, N.S.W.; 1.16628-001- Cataract Dam, N.S.W.; 1.10430 
- Berowra Creek, N.S.W.; 1.2556, 1.3331- Georges river, 
N.S.W.; 1.1679, 1.1680, 1.1681- Monkey Creek, N.S.W. 
Murray-Darling specimens were: 1.1212, 1.1213 - Edwards 
river, N.S.W.; 1.1145- Murray river 
The characters measured in these specimens were the 
number of branchiostegals and the number of dorsal spines, 
these being the features which exhibited the most obvious 
disparity between the Murray-Darling and eastern coastal 
population samples examined. The Kangaroo-Shoalhaven river 
specimens have seven branchiostegals and 10 dorsal spines 
(with two exceptions having 11 dorsal spines). The Seven 
Creeks and Cotter-Burrinjuck Dam specimens all have six 
branchiostegals and 11 dorsal spines. 
A distinct pattern of variation across the Divide was 
not maintained by either of these characters when examined 
in the additional Macquaria specimens. Individuals with 
six branchiostegals and 11 or more dorsal spines were 
found frequently from locations on the eastern side of 
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the Divide, while specimens from the Edwards river on the 
western side of the Divide had seven branchiostegals and 
10 or ll dorsal spines. Individuals from separate 
locations in the Nepean river also showed differences 
in both characters, indicating morphological variation 
between Macquaria specimens even within a single river 
system. 
Sample means show that the Kangaroo-Shoalhaven 
population has up to 10 fewer scales in the lateral line 
than do the Seven Creeks and Cotter-Burrinjuck Darn 
populations, with very little overlap of the ranges of 
counts. Attempts were made to score this character in 
the additional Macquaria specimens, but the poor state 
of preservation of a number of these fishes prevented 
any useful information being obtained. 
3.4.5 Discussion 
External examination of PZectropZites ambiguus 
specimens from different river systems in south-eastern 
Australia reveals marked colour variations. Lachlan 
river and Bland Creek specimens are dark green to bronze 
dorsally with lighter shades ventrally and tinges of red 
on the pectoral and pelvic fins. Dorsal colours in the 
Darling river specimens range from yellow to light brown, 
and the Bulloo and Wilson river PZectropZites specimens 
are a uniform light brown to creamy white colour, including 
the fins. 
Further examination has shown that there is 
increasing morphological variation between PZectropZites 
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populations as they are more geographically separated 
from each other, and there is a particularly clear 
distinction between the Murray-Darling and internal 
drainage area populations. Evidence of this dichotomy 
has also been obtained from electrophoretic studies of 
protein variation (see section 4.3.1), and the 
possibility of the existence of two sub-species must be 
considered in view of the large amounts of morphological 
variation involved. 
There is consistently less variation between the 
Bulloo river and Murray-Darling populations than between 
the Wilson river and Murray-Darling populations. It is 
thought that the waters of the Bulloo and Darling river 
systems occasionally join in times of extreme floods 
(personal local communications). If this is so, and 
assuming the existence of two sub-species, then the Bulloo 
river specimens collected could possibly be a mixture of 
the two types. To test this idea frequency distributions 
of measurements of the orbit length and the length of 
the longest dorsal spine were constructed for the Bulloo 
river sample. These two characters show the greatest 
variation between the Murray-Darling and internal drainage 
area populations. In neither character was any evidence 
detected of bimodal distributions of the Bulloo river data, 
indicating that the sample was obtained from a single populaTion. 
It appears, then, that the concept of separate 
sub-species is not supported, and that PZectropZites 
specimens show a clinal increase in morphological variation 
as geographical separation increases. The relative 
influence of genetic and direct environmental factors ln 
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determinging this clinal variation is not known, but it is 
clear that Plectroplites ambiguus populations from 
geographically separated river systems have undergone 
marked morphological adaptation in response to varying 
habitat conditions. 
The pattern of morphological variation in Macquaria 
australasica populations is not as clear. Initial external 
examination reveals that Kangaroo-Shoalhaven river specimens 
are dark brown-grey dorsally with large, lighter coloured 
patches on the dorsal and lateral surfaces. The lateral line 
is inconspicuous, and the caudal peduncle appears generally 
deeper when compared with Murray-Darling specimens of similar 
slze. The Seven Creeks and Cotter-Burrinjuck Dam specimens 
are uniformly silver-grey to blue-grey dorsally, have a 
prominent lateral line and have a generally narrower caudal 
peduncle. 
Further morphological examination has shown variation of 
the same magnitude as that found between Plectroplites 
ambiguus populations. Additional measurements of the number 
of branchiostegals and the number of dorsal spines in 
Macquaria specimens from locations on either side of the 
Divide show, however, that there is no ordered or clinal 
pattern to this variation. The detection of differences ln 
the number of branchiostegals and dorsal spines between 
individuals from a single river system also suggests that 
morphological characters are more variable across the range 
of Macquaria australasica than is the case with Plectroplites 
ambiguus. Nevertheless the clearcut differences between some 
Macquaria populations in normally conservative species 
characters such as the number of branchiostegals and the 
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number of dorsal spines (see Appendix 1) are somewhat 
surprising, and further work on the genetic make-up and 
ecological requirements of these populations is certainly 
warranted. 
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Chapter 4 
Electrophoretic Analysis of Protein Variation 
4.1 Introduction 
4.1.1. Electrophoresis and Systematics 
The use of electrophoretic data in studies of systematics 
is a comparatively recent development. The technique of 
electrophoresis was first introduced towards the end of the 
last century (Lodge, 1886) and first used to separate 
multiple fractions of serum proteins by Tiselius in 1937. 
Further refinements, such as improvements in the types of 
supporting media - notably the development of starch gels 
(Smithies, 1955), which are still widely used today- and the 
appl~cation of histochemical staining methods to visualise 
bands of activity of specific enzymes (Hunter and Markert, 
1957), were necessary to allow examination of a wide variety 
of proteins in an organism. 
The potential value of multiple loci electrophoretic 
studies in systematics was initially realised 1n the mid-1960's 
(Hubby and Throckmorton, 1965, 1968; Johnson et al., 1966; 
Kitto and Wilson, 1966). The discovery of high levels of 
protein variability in natural populations led, however, to a 
predominance of interest amongst users of electrophoretic 
techniques in problems of population genetics and selection 
theory. Nevertheless the application of electrophoretic data 
to studies of systematics has increased considerably in the 
last five years. Electrophoretic studies of comparative 
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protein variation are too numerous to attempt to review, but 
include work on the Drosophila willistoni group (Ayala, 1973), 
the sunfish species Lepomis macrochirus or bluegill (Avise 
and Smith, l974a) and sub-species of the European house mouse 
Mus musculus (Hunt and Selander, 1973). Fewer studies have 
been made of protein variation at many loci within groups of 
related species. Animals subjected to major studies in this 
field include several species of Drosophila (Ayala et al., 
1970, l974a, l974b; Nair et al., 1971), species of the salmon 
genus Oncorhynchus and the trout genus Salmo (Utter et al., 
1973), of the pupfish genus Cyprinodon (Turner, 1973, 1974), 
the sunfish genus Lepomis (Avise and Smith, l974b), the 
lizard genus Anolis (Webster et al., 1972), the kangaroo rat 
genus Dipodomys (Johnson and Selander, 1971), the mouse genus 
Peromyscus (Selander et al., 1971, 1974; Smith et al., 1973, 
1974; Avise et al., l974a, l974b), and a number of marsupial 
species (Richardson and Sharman, 1976). 
Recent evaluation of electrophoresis as a method in 
systematics (Avise, 1974; Richardson et al., 1973; Utter et 
al., 1974) has suggested certain advantages and shortcomings 
compared with more conventional methods such as description 
of morphological characters. The advantages include: 
a) Objectivity. Estimates of variation or similarity 
are based entirely on the measured mobility of protein 
bands on gels, whereas other criteria, such as 
morphological or behavioural characters, may be 
susceptible to subjective assessment. 
b) Electrophoretic mobility of proteins is a direct 
reflection of the genetic make-up of organisms. The 
electrophoretic mobility of a protein is determined by 
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the structure and net surface charge of its 
molecules. Structural changes in the genetic 
material encoding the protein result in alterations 
to one or both of these characteristics, and are 
reflected by varying electrophoretic mobility. 
As the number and types of loci studied are 
known, the amount of genetic information sampled 
can be determined. Only the sequencing of 
nucleotides, or of the amino acids of proteins, 
appears to promise greater precision in determining 
the genetic make-up of organisms. 
c) Electrophoretic data on specific enzymes are 
minimally affected by direct environmental factors, 
and show little or no age - or sex-specific 
variation. There are cases, especially in 
tetraploid animals, where loci are selectively 
turned on and off in response to environmental or 
developmental factors, but most loci now routinely 
examined do not exhibit this effect. 
d) There is no a priori weighting of electrophoretic 
data, as each locus is initially assigned equal 
value as a taxonomic character. There may be 
a posteriori weighting if some loci appear to be of 
more value than others ln elucidating systematic 
relationships. 
Points a) and b) above have been criticised by Simpson 
(1964) on the basis that amino acid sequences (directly 
related to protein variation) as taxonomic characters do not 
constitute an adequate sample of the genome, and that 
polygenic characters, such as those described in most 
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morphological studies, are a more adequate sample of the 
genome. Further, morphological characters are more directly 
influenced by, and so give a better estimate of, the effects 
of selection. 
The merits of electrophoretic data are defended by 
Richardson et al. (1973), who state that "Surely a sample 
of a known number of genes of known function and independent 
expression is preferable to a sample of an unknown number of 
genes of unknown function with unknown pleiotropic (referring 
to polygenic characters and genes which control the 
express1on of more than one character)and environmental effects 
present. Then~ at Zeast~ the inherant chortcomings of the 
~ data can be adequately guaged." Selander and Johnson (1973) 
also stress that the worth of electrophoretic data in 
systematics does not depend on the question of selective 
neutrality or non-neutrality of alleles. If, in fact, most 
variation detected by electrophoresis is selectively neutral, 
then so much the better, as problems arising in systematic 
studies from convergent evolution will be minimal. 
There are also several practical and theoretical 
limitations to the use of electrophoretic data in systematics: 
a) Electrophoretic studies of protein variation are 
confined to extant species, restricting the application 
of relevant information on evolutionary and phylogenetic 
relationships to a framework that lacks the dimension 
of time. This problem is not faced by morphological 
systematists if an adequate fossil record is available. 
b) Scoring of electrophoretic data is not always easy 
and may require some training and practice. This does 
not invalidate the objectivity of the experienced 
scorer. 
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c) There may be variation in the structure of proteins 
which is not detected by electrophoresis. There may 
be one or more amino acid substitutions in the protein 
structure without altering the net surface charge of 
the molecules. Also two alleles may be separated by 
one or many mutational steps, as electrophoretic data 
offers no information on this aspect. Non-detection 
of variation is a conservative error, causlng 
underestimation of variation between populations or 
specles. Estimates of genetic distances based on 
electrophoretic data should be considered to be possibly 
less than the true distance. 
Other relevant points in a discussion of the value of 
electrophoretic data in systematics are: 
a) Over what taxonomic ranks are electrophoretic variations 
ln protein structure useful? 
b) Are the effects of parallel and convergent evolution 
of proteins a problem when analysing electrophoretic 
data? 
A consistent finding of multiple - loci electrophoretic 
studies is the high degree of similarity in genetic information 
between conspecific populations of animals. If all possible 
degrees of similarity are arranged on a scale of 0 to 1.0, 
with 1.0 representing genetic equivalence, most conspecific 
populations yield values above 0.85 (review in Avise, 1974). 
At intra-species levels most electrophoretic variation 
consists of differences in allele frequencies at polymorphic 
loci. Less common are loci at which conspecific populations 
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are fixed or monomorphic for different alleles. Populations 
showing this type of variation have usually undergone large 
amounts of divergence, as found in situations such as 
geographic isolation. Both types of variation may be valuable 
ln identifying and delineating natural populations. 
Genetic variation is usually much greater between 
populations of different species than between conspecific 
populations. Even the most closely related species show 
variation at 25 to 50 per cent of their loci (Avise, 1974), 
and varying loci are frequently monomorphic for different 
alleles. Electrophoresis appears to be best suited to problems 
of identifying and describing different but closely related 
species. Even sibling species, usually almost indistinguishable 
morphologically, can be identified by biochemical dissimilarity 
(Nair et al., 1971; Johnson and Selander, 1971; Richardson 
and Sharmon, 1976). 
Nei and Chakraborty (1973) and King (1973) have shown 
that, due to non-detection of amino acid substitutions 
which do not produce changes in the net surface charge of 
protein molecules, electrophoretic techniques become 
increasingly insensitive to the degree of protein variation 
as the amount of variation increases. The amount of genetic 
divergence reflected by protein variation between species 
placed in separate genera yields similarity values that are 
very low, and sometimes zero (Shaw, 1970), and the 
probability of chance identity in the mobility of independantly 
derived proteins is greatly increased. It is doubtful, then, 
that electrophoretic data alone will be of much systematic 
value above the level of the genus, although it may be 
useful when used in conjunction with data from other methods. 
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In common with other forms of systematic data, 
electrophoretic variation in proteins is subject to the 
effects of parallelism and convergence. This situation may 
be compounded by the non-detection of protein variation (as 
explained above), producing apparent similarities at certain 
loci. The dangers of using one or a few proteins as taxonomic 
character are clearly evident, with the results obtained 
just as likely to give the wrong as the right picture of 
systematic relationships. As with other methods in systematics, 
the standard procedure employed to solve this problem is to 
survey as many proteins as possible, giving a more accurate 
estimate of genetic similarity and providing more independant 
tests of any proposed dichotomy. 
It should be noted that while electrophoretic data on 
protein variation appears to be best suited to certain types 
of systematic studies and more conventional methods to other 
types, most published results so far show that electrophoretic 
data and data from other methods are in reasonable accord. 
As many different methods and types of characters as possible 
should be considered for studies of systematics, as each 
approach will have its limitations. 
4.1.2 Experimental Design 
There are various ways in which information on variation 
between populations of animals can be analysed for use in 
systematics. Two methods for which electrophoretic data 
appear to be well suited involve a phenetic and a phylogenetic 
approach respectively. The phenetic approach, as 
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described by Colless (1971), involves the random selection 
(ie. without any a priori weighting) of proteins for 
electrophoretic analysis, and the calculation of degree of 
similarity between two populations by scoring the number of 
matches and mismatches 1n protein mobilities. This "degree 
of similarity" is usually expressed in the form of a 
similarity coefficient (or conversely a coefficient of 
variation) which condenses the information on comparative 
protein variation to a single figure (Sneath and Sokal, 
1973; Colless, 1967). Similarity coefficients for all 
possible pairings of the populations sampled are then arranged 
in a matrix, which yields information on the pattern of 
variation of populations at inter - and intra-specifiic levels. 
Hennig's (1966) phylogenetic system for constructing 
classifications also appears well suited for use with 
electrophoretic characters. It is a method permitting 
subgroups to be distinguished from a larger group by the 
selection of characters that show divergent character states 
held in common by members of the subgroup. A subgroup is 
thus delimited as monophyletic with respect to the initial 
group. This process is repeated and the initial group is 
split into smaller and smaller groups, each with a more recent 
common ancestor, until all phyletic lines have been determined. 
One of the major assumptions of this procedure, however, is 
that the initial group considered is demonstrably monophyletic. 
As with other methods in systematics, Hennig recommends that 
a large number of characters should be used to avoid problems 
of parallelism and convergence, and to provide at least two, 
and preferably more, independant tests that support each 
proposed dichotomy. 
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To date very little information has been gathered 
concernlng phyletic relationships between the Australian 
freshwater Percichthyidae and other closely related marine 
and freshwater families, due partly to a lack of available 
fossil evidence and partly to a lack of study on fish 
systematics. Since it cannot be assumed that the 
Australian Percichthyidae are monophyletic, Hennig's method 
of analysis, which relies on the monophyly of the initial 
group, could not be employed ln the present study. A 
phenetic approach, as described above, was consequently 
adopted for the analysis of electrophoretic data. The 
resulting information was used to construct a phenetic 
classification of the species studied, and to measure genetic 
variation in geographically separated populations of 
PZectropZites ambiguus. 
In the absence of any prior information on the taxomony 
or evolutionary relationship of a group, a phenetic approach 
to classification appears to be as informative as any other 
type of approach (and indeed the only feasible approach in 
some cases). A phenetic classification of species quite 
often yields information that can be used to make inferences 
regarding evolutionary relationships (Colless, 1970; 
Selander et al., 1971; Smith et al., 1973, 1974; Avise and 
S~ith, l974a, l974b). It also serves as an initial ordering 
of organisms on which further improvements can be made, 
or one which can be altered according to the desired purpose 
of the classification and the type of relationships the 
systematist wishes to reflect. 
In the present study information from biochemical 
characters is used to make an independant phenetic assessment 
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of the taxonomy and evolutionary relationships of Australian 
percichthyids. Conclusions drawn from this procedure are 
compared with systematic relationships derived from 
morphological characters analysed using the traditional 
comparative methods of evolutionary taxonomy (Simpson, 1961; 
Mayr, 1969; Crowson, 1970; Darlington, 1971). 
4.1.3 Material 
Specimens of all Australian freshwater species of 
Percichthyidae studied, and of the theaponid species Therapon 
weZchi, were collected to provide samples of liver and muscle 
tissue for electrophoretic analysis of inter-specific protein 
variation. Capture locations of specimens are shown in 
Figure 4.1. Four specimens of MaccuZZocheZZa peeZi (400 -
550 mm standard length) were provided by the Inland Fisheries 
Research Station, Narrandera, N.S.W., and an additional two 
specimens (205 mm and 360 mm) were collected by angling from 
the Murrumbidgee river near Tharwa, A.C.T. Two specimens 
of MaccuZZocheZZa macquariensis (190 mm and 340 mm) were also 
caught at this location. Five specimens of Macquaria 
austraZasica (100 - 380 mm) were obtained from the Cotter 
Dam, A.C.T. using gill nets and wire fish traps. Two 
specimens of PercaZates novemacuZeatus (390 mm and 410 mm) 
were netted in the Kangaroo river, N.S.W.(Shoalhaven river 
system). Tissue samples were obtained from a further three 
specimens (170 - 230 mm) identified and donated by Cheryl 
Chamberlain of New South Wales State Fisheries, Sydney. 
Tissue samples were taken from seven specimens identified 
as PercaZates coZonorum (150 - 190 mm) and received from the 
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Figure 4.1 
A map of south-eastern Australia, showing the capture 
locations of specimens used in electrophoretic studies of 
protein variation. See section 4.1.3 for descriptions 
of the locations and the number of specimens collected. 
• Maccullochella peeli Macquaria australasica 
0 Maccullochella macquariensis • Percolates novemaculeatus 
Plectroplites ambiguus 0 Percolates colonorum 
+ Therapon we/chi 
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same source. All of these Peraalates specimens were 
captured in the estuary of the Moruya river, N.S.W. 
Tissue samples from six specimens of Therapon welahi 
(280 - 320 mm) netted in the Wilson river, Queensland were 
used to obtain a measure of protein variation between the 
closely related families Percichthyidae and Theraponidae. 
To study intra-specific protein variation in 
Pleatroplites ambiguus~ a large collection of specimens was 
made from river systems across the range of the species. 
Capture locations of specimens are shown ln Figure 4.1. 
Five river systems in three different drainage areas were 
sampled, along a line running roughly north~west from southern 
central New South Wales to south-west Queensland. Capture 
locations of the samples and the number of specimens (N) 
from which tissue samples were taken are as follows: 
l) Lake Cowal (N=l2) - Focal point of the small 
Bland Creek drainage system, between the Lachlan and 
Murrumbidgee rivers. Forty seven kilometers north-
east of West Wyalong, N.S.W. 
2) Lachlan river - three locations 
a) (N=4) Twenty kilometers upstream from Lake 
Cargelligo, N.S.W. 
b) (N=2) Lake Curlew - connected to the Lachlan 
river by a short channel. Five kilometers upstream 
from Lake Cargelligo. 
c) (N=20) Lake Brewster - connected to the Lachlan 
river by a short channel. Forty two kilometers 
downstream from Lake Cargelligo. 
3) Darling river (N=34) - eight kilometers upstream 
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from Bourke, N.S.W. One specimen was trapped in 
the Paroo river (a tributary of the Darling river) 
at Hungerford, on the N.S.W. - Queensland border. 
4) Bulloo river (N-32) - an internal drainage 
system. Near Thargomindah, Queensland. 
5) Wilson river (N=39) - a tributary of Coopers 
Creek in the Lake Eyre internal drainage system. 
Nockatunga waterhole, Queensland. 
Six specimens from the Lake Brewster sample were chosen 
as representatives of PZeatropZites ambiguus in the 
inter-species study of protein variation. 
Attempts made to collect fresh specimens of Maaquaria 
austraZasiaa from areas other than the Cotter Dam (Murrumbidgee 
river system) were unsuccessful. Consequently population 
studies of this species were confined to morphological 
characters described from museum and other preserved "specimens. 
4.2 Protein Variation Between Species 
4.2.1 Results 
To examine electrophoretic variation of proteins in the 
six percichthyid and one theraponid species studied, 16 
enzymes were randomly chosen from a possible 50 - 60 proteins 
for which specific histochemical staining_methods have been 
developed. The enzymes were: 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
\ 
·malate oxidoreductase (MOR) 
phosphoglucomutase (PGM) 
«glycerophosphate dehydrogenase («GPD) 
6-phosphogluconate dhydrogenase (6PGD) 
aldolase 
fumarase 
glutamic-oxaloacetic transaminase (GOT) 
glutamic-pyruvic transaminase (GPT) 
glucose phosphate isomerase (GPI) 
adenylate kinase (AK) 
indophenol oxidase (IPO) 
peptidases (PEP) A, B, E and S 
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The peptidases are regarded as separate enzymes for the 
purpose of this study because of their different substrate 
specificities and molecular sizes (Rapley et al., 1971). 
Plate 4.1, showing species variation 1n the relative 
electrophoretic mobilities of 6-phosphogluconate dehydrogenase, 
is an example of the type of result obtained from 
electrophoresis using a cellulose acetate gel medium. Patterns 
of electrophoretic mobility for all enzymes surveyed were 
condensed into a single "map" (Figure 4.2) for determination 
of the number of matches and mismatches between species. 
All patterns of enzyme mobility shown in Figure 4.2 were 
obtained from samples of liver tissue. With the exception 
of glucose phosphate isomerase, electrophoretic analysis of 
the same enzymes in muscle tissue yielded no additional 
information. Some enzymes were not active in the muscle 
tissue, and those active in both tissues showed identical 
mobilities. Glucose phosphate isomerase from muscle tissue 
exhibited a multiple-band electrophoretic pattern in all 
species, indicating genetic determination by at least two 
separate loci. With the exception of PZectropZites ambiguus 
samples, electrophoresis results were not clear enough, 
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Plate 4.1 
The relative electrophoretic mobility of 
6-phosphogluconate dehydrogenase in Australian 
percichthyid species and in Therapon welchi 
(Theraponidae). The cellulose acetate supporting gel 
has been stained with a specific 6PGD mixture after 
90 minutes of electrophoresis. The origin, or point 
of application of the protein samples, is at the bottom 
of the print, and all bands have migrated anodally. 
Species represented are, from left to right: 
Maccullochella peeli~ Maccullochella macquariensis~ 
Plectroplites ambiguus~ Percalates colonorum~ Percalates 
novemaculeatus~ Macquaria australasica and Therapon 
welchi. Species of the genus MaccullocheZZa are 
polymorphic at the 6PGD locus, and both specimens shown 
are heterozygotes for the two-allele system. 
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Figure 4.2 
The relative electro'phoretic rriobili ties of 16 enzymatic 
proteins in Australian freshwater percichthyid species, and 
in Therapon weZahi, afreshwater representative of the 
closely related family, Theraponidae. Al.J:~ patterns shown 
were obtained frorri'samples of liver tis~ue. In all cases 
the direction of migration of th~ protein bands is from 
left to right, with faste.u, ,])ands on the right side of a 
M•.'.;,l 
column. p = a polymorphic locus detected in a particular 
species. 
Species ~APDH MOR PGM a GPO 6PGD Ald. Fum. GOT GPT PEP A PEP B PEP E PEP S IPO GPI AK 
p 
Maccullochella peeli I I I I II I I I I I I I I I I I I I I 
p 
Maccullochella macquariensis I , I -I I- ll I : I I I I I I I I I I I I I 'I . , . 
p ' p 
Plectroplites ambiguus Ill I I - I I . I I I I I I I I I I II I I 
Percolates colonorom I -I l- I I I I I I I I I I I 1 I I I I 
--
p p 
Percolates novemaculeatus I II I - I I 1-- I I I I I I I I I II I I I .. 
! 
Macquaria australasica I I I I I I I I I I I I I I I I I I I 
p 
Therapon welchi I I I I I I I I I I I I I I I I I I I I 
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however, to allow objective scoring of the muscle GPI 
isozymes. 
Of the 16 enzymes surveyed from samples of liver tissue 
glutamic-oxaloacetic transaminase, glutamic-pyruvic 
transaminase and adenylate kinase exhibited a two-band 
electrophoretic pattern in all individual fish sampled, 
indicating that the isozymes detected were determined by 
two separate loci. As each polypeptide determined at a 
different locus can be considered to be an independant 
' 
character for the purposes of a systematic study (Avise, 1974; 
Hunt and Selander, 1973) a total of 19 biochemical characters 
were sampled to obtain a measure of inter-species variation. 
Malate oxidoreductase displayed a multiple-band 
electrophoretic pattern 1n all species, but control 
experiments showed_that all but a single band - usually the 
most intensely stained - were produced on gels that had been 
stained with a mixture identical to the MOR stain except 
that no substrate had been added. The visualisation of 
"background" bands was subsequently shown to be due to 
alcohol dehydrogenase (ADH) isozymes reacting with methanol 
(used to store cellogel sheets prior to use) still present in 
the gels after soaking in buffer solution. Control 
experiments of this nature were carried out with all enzymes 
run on cellogel, to ensure that electrophoretic patterns 
obtained were the result of activity of the particular 
enzyme surveyed. The possibility of isozyme bands occuring 
in identical positions to "background" bands is not 
discounted, but for the purposes of this study all mobilities 
duplicated on control gels were discarded to avoid misleading 
results. 
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The effect of prolonged cold storage on tissue samples 
was tested by conducting electrophoretic analysis of various 
enzymes in freshly collected liver and muscle tissue, and 
repeating the procedure on tissue from the same samples 
that had been stored for 12 months. No alteration in the 
electrophoretic pattern of enzymes was observed in any of 
the samples tested, indicating that material stored for long 
periods of time at -l0°C or below will still produce reliable 
enzyme mobility patterns when subjected to electrophoresis. 
No evidence was detected of multiple loci for a given 
enzyme being selectively turned on or off in response to 
environmental factors, despite specific tests for this 
purpose (see section 4.3.1).. It is assumed, then, that 
environmental factor-s do net directly influence estimates 
of genetic variation within and betwe~n the species of the 
present study. 
Figure 4.2 shows that of the 19 loci examined, a low 
proportion were polymorphic in.each of the species studied. 
Percentages of loci polymorphic were 0.0 in Macquaria 
austraZasica and PercaZates aoZonorum, 5.3 in MaccuZZocheZZa 
peeZi, MaccuZZocheZZa macquariensis and Therapon weZchi, 
and 10.5 in PZectropZites ambiguus and PercaZates 
novemacuZeatus. These are comparable to values (range 3.0 -
11.2) reported for a variety of fishes, lizards, birds, and 
mammals by Selander and Johnson (1973). Values for 
populations of the sunfish Lepomis macrochirus (range 7.0 -
20~0; Avise and Smith,l974a), for five species of the pacific 
salmon genus Oncorhynchus (range 4.3- 13.0; Utter et al., 
1973), and for three species of the rockfish genus Sebastes 
(range 4.0- 13.3; Johnson et al., 1973), are also similar. 
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Estimates of the proportion of polymorphic loci in some 
populations of the cave-dwelling fish Astyanax mexicanus 
(range 0.0 - 41.2; Avise and Selander, 1972) are 
considerably higher than those reported above. 
MaccuZZocheZZa peeZi and MaccuZZocheZZa macquariensis 
exhibit a two-allele polymorphic system at the single 
6-phosphogluconate dehydrogenase locus (see Plate 4.1). 
Single locus electrophoretic patterns of liver 6PGD have 
been reported in a wide range of fishes and other vertebrates 
(Thornber et al., 1968; Avise and Smith, 1974a). Sample 
sizes were not adequate for calculating allele frequencies 
from the 6PGD allozymes, and in fact electromorphs, or 
electrophoretic patterns, of the presumably rare homozygote 
were not detected in either of the MaccuZZocheZZa species. 
This situation applied to other polymorphisms found in 
other species, with the exception of PZectropZites ambiguus~ 
where adequate sample sizes were available to calculate allele 
frequencies. 
Polymorphism was found at the one malate oxidoreductase 
locus scored in PZectropZites ambiguus and PercaZates 
novemacuZeatus. As mentioned before, MOR displayed a 
multiple-band electrophoretic pattern, which is consistent 
with reports for other fish and vertebrate species (Thornber 
et al., 1968; Agahasadch and Ritter, 1971), but the only 
bands scored were those of a single locus demonstrated ~o 
be due solely to MOR activity. None of the alleles 1n 
PZectropZites ambiguus and PercaZates novemacuZeatus shared 
common electrophoretic mobilities. In both species only 
one individual was found to exhibit the heterozygous 
electromorph, and no rare homozygous electromorphs were 
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detected. PZectropZites ambiguus was also polymorphic at 
the single liver glucose phosphate isomerase locus. This 
polymorphism will be discussed in greater detail in section 
4. 3. 
The single indophenol oxidase locus, detected on both 
starch gel and cellogel, was polymorphic in PercaZates 
novemacuZeatus. The slower migrating homozygous electromorph 
had a common mobility with the monomorphic pattern of all 
the PercaZates coZonorum individuals, and the faster 
electromorph was also present in the MaccuZZocheZZa specles 
(Fig. 4.2). The heterozygous electromorph was not detected 
in the five specimens of PercaZates novemacuZeatus examined. 
No polymorphic loci were found in any individuals of 
Macquaria austraZasica or PercaZates coZonorum and only one 
polymorphism, at the single glucose phosphate lsomerase 
locus, was recorded in the theraponid species Therapon weZchi. 
A single liver GPI locus has been reported for a large range of 
bony fishes (Avise and Kitto, 1973) and other vertebrates 
(Johnson and Selander, 1971; Webster et al., 1972). No 
heterozygous GPI electromorph was detected ln the six 
Therapon weZchi individuals examined. 
A maxtrix of similarity coefficients (Table 4.1) was 
constructed to show species-pair comparisons of the degree of 
electrophoretic protein variation between the species studied. 
A number of coefficients have been developed to condense 
information on degree of similarity between two populations 
to a single figure (Sakal and Sneath, 1963; Cavalli-Sforza 
and Edwards, 1967; Hederick, 1971; Rogers, 1972; Lakovaara 
et al., 1972; Sneath and Sakal, 1973). Despite varying 
approaches by the above authors in calculating similarity 
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Table 4.1 0 .. [ 
A matrix of similarity coefficient values for all 
possible pairings ofAustral;ian fr~e~rrater percichthyid 
species and Theraphn welahi. the values are calculated 
l 
on the basis of electrophoretic varia,tion between species 
in proteins determined at 1 19 loci. The method for I 
calculating the va~~es is described in1ection 4.2.1. ,. 
' . ;. ' + I 
0 
\. 
Maccullochella 1.00 
peeli 
. Maccullochella 0. 79 
macque~riensis 
· Plectroplites 0.29 
e~mhiguus 
Percolates 0.21 .. 
colonorum 
Pttrcalotes 0.24 1.00 
novemaculecJtus 
Mocquoria 0.37 . 0.63 1.00 
australosica 
Therapon 0.24 0.29 0.34 1.00 
welchi 
M.p. M.m. P.o. P.c. P.n. M.a. T.w. 
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coefficients, the coefficients derived appear to give 
reasonably similar summaries of the degree of variation 
between populations (review in Avise, 1974). 
The method chosen for obtaining similarity coefficients 
1n the present study is a modification of that used by 
Lakovaara et al., (1972). Comparison of monomorphic loci 
in each species pair yields values of either 0 (mismatched 
mobilities) or l (matched mobilities) at each locus. 
Comparison of polymorphic loci yields values of 0 (indicating 
no alleles with matching mobilities), 0.5 (one out of two 
alleles with matching mobilities) or l (both alleles with 
matching mobilities) at each locus. For each paired species 
comparison values at each locus were totalled and divided 
by the number of loci examined to obtain the similarity 
coefficient value (S). Lack of information on the allele 
frequencies of the polymorphic loci detected prevented 
accurate assessment of the degree of variation between 
species at these loci, and necessitated the assignment of 
values corresponding to simple matches and mismatches in the 
mobilities of allelic electromorphs. 
4.2.2 Discussion 
Previous reports from multiple-loci electrophoretic 
studies indicate consistently high similarity coefficient 
values (S>0.85) for conspecific populations in a wide range 
of vertebrate species (review in Avise, 1974). Similarity 
coefficients obtained for fish species include values of 
0.78- 0.99 for ten species of the sunfish genus Lepomis 
(Avise and Smith, 1974a, 1974b) and 0.88 (range 0.77 - 0.98) 
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for the cave-dwelling fish Astyanax mexicanus (Avise and 
Selander, 1972). This high degree of conspecific genetic 
similarity has led to the conclusion that electrophoretic 
examination of a few or even a single specimen should yield 
a reasonable estimate of the allelic composition of loci 
sampled for inter-species comparisons (Johnson and Selander, 
1971; Johnson et al., 1972; Avise and Smith, l974b). 
It is assumed that estimates of heterozygosity and 
genetic variation obtained from the small species samples 
in the present study (2 - 7 individuals per species; see 
section 4.1.3) are a reasonable, if somewhat conservative, 
reflection of the genetic structure of each species as a 
whole. 
Table 4.1 shows a wide range of similarity coefficient 
values for paired comparisons of the Australian percichthyid 
species. Protein variation is greatest in the MaccuZZocheZZa 
peeli - Percalates colonorum and MaccuZZocheZZa macquariensis 
- Plectroplites ambiguus comparisons (S=0.2l), and least 
between Percalates coZonorum and Percalates novemaculeatus 
(S=0.95). The similarity value for P. colonorum and 
P. novemaculeatus is amongst the highest reported for two 
distinct species, and is well above the upper limits of 
similarity values for congeneric species of a wide range 
of mammals, reptiles, amphibians, fishes and invertebrates 
(Avise, 1974; Avise and Smith, l974b; Utter et al., 1973). 
This value is in fact comparable to the average similarity 
values for conspecific populations of the same species 
(S=0.7l- 1.0). Similarity values obtained in the present 
study for conspecific populations of Plectroplites ambiguus 
(S=0.92 - 1.0) are also commensurate with the similarity 
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value for the PercaZates species. Turner (1974) has 
reported values of 0.81- 0.97, however, for five species 
of the pupfish genus Cyprinodon. 
The high degree of genetic similarity between PercaZates 
specimens, reflected by electrophoretic data, is not 
consistent with the conclusion of Williams (1970) that there 
are two separate species of PercaZates, distinguishable by 
a discriminant function based on four overlaping 
morphological characters. Williams also reported the 
collection of what he termed "a possible hybrid" between the 
two species, ie. a specimen that was not positively 
identified using the discriminant function. It should be 
noted, however, that in the two variable loci detected from 
the genus PercaZates, the polymorphic pattern occured only 
in PercaZates novemacuZeatus while Percalates coZonorum was 
monomorphic for all loci. This pattern suggests that the 
two types of PercaZates may be maintaining separate gene pools, 
particularly since three Percalates novemacuZeatus and all 
of the PercaZates coZonorum specimens examined were captured 
in the same estuary, where both types are sympatric. Lack 
of information on allele frequencies, and the possibility -
with small numbers of specimens examined - that polymorphic 
individuals of Percalates coZonorum were not sampled, makes 
the above suggestion suspect without verification from 
further electrophoretic data. 
Recent evidence (Zuckerkandl and Pauling, 1965; Kimura, 
1969; Dayhoff, 1972; Air et al., 1971) indicates that 
individual proteins have constant but different rates of 
evolution through amino acid substitutions. Assuming 
proteins with relatively fast rates of substitution show 
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greater electrophoretic variability (Richardson et al., 
1973), it is likely that examination of proteins showing 
large amounts of electrophoretic variability will yield 
the most information data on genetic divergence in the 
genus Peraalates. 
The similarity index for the two Maaaulloahella spec1es 
(S=0.79) is lower than that for Peraalates, and falls into 
the upper range of values (range of S=O.l6 - 0.89) reported 
for congeneric populations of a number of vertebrate spec1es 
(Avise, 1974). This biochemical information on the 
Maaau lloahe lla species is in agreement with results -obtained 
by Berra and Weatherley (1972) from studies of morphological 
and immunological' characters. The authors concluded that 
two separate species could be distinguished in the genus 
Maaaulloahella based on significant differences in three 
morphological characters ~nd_ slight variation in serum 
immunoelectrophoretic patterns. The two species are 
morphologically similar externally, but electrophoretic 
variation at more than 20 per cent of the loci examined is 
comparable to the amounts of genetic variation found by 
other workers in even the most closely related species 
(Johnson and Selander, 1971; Ayala et al., 1974b; Avise 
and Smith, 1974b). The large amount of genetic divergence 
between the Maaaulloahella species, together with the fact 
that they are sympatric over almost the entire range of 
Maaaulloahella maaquariensis, strongly suggests reproductive 
isolation between the two species. 
Similarity values for paired comparisons of Pleatroplites 
ambiguus with Maaquaria australasiaa (S=0.71), and of these 
species with the two Peraalates species (S=0.63 in all cases) 
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indicate a natural grouping of the four species based 
on degree of genetic variation (see Figure 4.3), and 
support a similar finding from comparison of morphological 
characters (see section 3.3). Similarity values for the 
four species fall in the middle to upper range of values 
reported for congeneric populations of other vertebrate 
species (Avise, 1974; Selander and Johnson, 1973). From 
the morphological and biochemical evidence of the present 
study it can be argued that Plectroplites ambiguus., 
Macquaria australasica., and the Perbalates species belong 
in a single genus that is distinct from MaccuZZocheZZa (for 
< < < 
further discussion of this point see section 5.2). 
Two hypotheses may b~ considered to explain the grouping 
of the four sp~cies: 
a) Species with separate lineages have arrived 
at a high degree of genetic ~imilarity due to 
convergent or parallel evolution. 
This hypothesis appears to be unlik~ly, as the species 
concerned are morphologically and ecologically quite distincT. 
Consequently selection pressures operating on these species 
are likely to be different, and not conducive to the 
maintenance of high degrees of genetic similarity. If 
significant forces of convergent or parallel selection were 
operating, an explanation would be required for the lack 
of high genetic similarity between the genus MaccullocheZZa 
and the other Australian freshwater and estuarine 
percichthyid spec1es. 
b) The four species comprise a group with a 
single phyletic line, and they possess a 
common ancestor that is more recent than 
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Figure 4.3 
Dendrogram of pherletic relatiopships of the Australian 
l I 
freshwater Percichthyidae and Therabon welahi (Theraponidae), 
based on electrophoretic var~ation of proteins determined 
' i . 
at 19 loci. The dend~ogram was constructed using an i : 
unweighted pair-group cluste~ing method (Sneath and Sakal, 
1973), with avera.ge linka~e 
the similarity coef~icien-is 
of groups balculated from 
of the matrix in Table 4.1. 
0.2 0.4 0.6 0.8 1.0 
Maccullochella peeli 
:-J' 
Maccullochella macquariensis 
Plectroplites ambiguus 
Macquaria australasica 
Percolates colonorum 
Percolates novemaculeatus 
Therapon welchi 
any ancestor held in common between the 
group and the genus MaccuZZocheZZa or other 
related genera. 
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Examination of comparative protein mobilities (Fig. 4.2) 
reveals that in eight out of 19 loci surveyed the 
PZectropZites-Macquaria-PercaZates group maintains a common 
protein mobility that is dichotomous with respect to protein 
mobilities of the MaccuZZocheZZa species, strongly suggesting 
the existence of a natural sub-group within the Australian 
freshwater Percichthyidae. The question may arise as to 
whether the protein mobilities of the PZectropZites-
Macquaria-PercaZates group represent primitive character 
states compared to those of the MaucuZZocheZZa species, as 
the use of synpleismorphic characters, or primitive characters 
held in common, is considered to be of dubious validity in 
assigning groups to phylogenetic taxa (Hennig, 1966; Sneath 
and Sokal, 1973). This question cannot be answered with the 
information presently to hand but,for reasons stated above, 
it is difficult to see how a large group of genes can remain 
invariant in morphologically and ecologically distinct 
species that are derived from separate phyletic lines. 
Comparisons of protein variation between the genus 
MacauZZoaheZZa and other Australian percichthyids, and 
between the percichthyid species and Therapon weZchi - a 
member of the related perciform family Theraponidae - reveal 
generally low similarity coefficient values (range of S=0.2l 
- 0.37). These figures are consistent with genetic 
similarity estimates reported by Shaw (1970) for six fisl1 
species from different genera (range of S=O - 0.33). The 
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similarity values indicate that the MaaauZZoaheZZa species 
are genetically as distant from the other Australian 
freshwater percichthyid species as they are from members 
of a different family, represented by Therapon weZahi. 
This tends to cast some doubt on the cohesiveness of the 
Australian freshwater Percichthyidae as a single taxon. 
However it must be remembered (section 4.1.1) that 
electrophoretic techniques become increasingly insensitive 
.to the degree of protein variation as the amount of variation 
increases. In the present study, low similarity coefficients 
calculated for species which are not congeners are therefore 
not likely to be an accurate refledtion of genetic variation, and 
the systematic value of the data is diminished accordingly. 
It .is nevertheless clear that the MaaauZZoaheZZa 
species form a genetically distant sub~group within the 
Australian freshwater Percichthyidae,·being electrophoretically 
distinct from the othe:r species in at least two thirds of 
their loci. 
Further biochemical studies on the.Australian 
Percichthyidae are clearly desirable, particularly attempts 
to relate genetic variation and time. This would yield 
information on the relative times of divergence of the 
various species, and aid in the construction of a truly 
phylogenetic classification of the family. 
4.3 Geographical Variation of Proteins ln PZeatropZites 
ambiguus 
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4.3.1 Results 
Fifteen enzymatic proteins were surveyed for 
electrophoretic variation between PZectropZites ambiguus 
spec1mens. The specimens were captured from eight locations 
in five different river systems of south-eastern Australia 
(see Fig. 4.1 and section 4.1.3). The enzymes were: 
lactate dehydrogenase (LDH) 
glucose-6-phosphate dehydrogenase (G6PD) 
glucose phosphate isomerase (GPI) 
malate oxidoreductase (MOR) 
phosphoglucomutase (PGM) 
glyceraldehyde ph,osphate dehydrogenase (GAPDH) 
«glycerophosphate dehyd~og~nase («GPD) 
triose phosphate isomerase (TPI) 
adenylate kinase (AK) 
indophenol oxidase (IPO) 
peptidases (PEP) A, B, E and S 
Two loci were scored in each of four enzymes - LDH, 
G6PD, GPI and AK - making a total of 19 loci examined. As 
with the inter-species study, only one MOR locus was scored 
despite the occurrence of multiple isozyme bands (see 
section 4.2.1). All other enzymes exhibited a single locus 
electrophoretic pattern (Figure 4.4). With the exception of 
glucose phosphate isomerase (see below), all patterns of 
enzyme mobility were obtained from samples of liver tissue. 
Three bands of lactate dehydrogenase activity were 
observed in all specimens examined. The LDH isozyme system 
in most vertebrates is controlled by two separate,loci 
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-...;w,'.·•·•llfl allihJo1-~ 
-·~ Figure 4.4 
The relative electrophoretic mobilities of 15 
~ ... ~·. tl ....... , 
enzymatic proteins !.n P._l~.fJt!'opZ._f,"t_es. qTJJbiguus specimens 
7 ••. , 
collected from eight g,ifferent loc~ions. The patterns 
shOWI:'J. were obtained from· sampTes---of liver tissue, unless 
otherwise specified. 
.;~- ...,~,··-~ 
In all cases the direction of 
... yo:....-..... . ....... •·' 
migration of protein bands is-£rom~ft to right, with the 
faster bands to the right of the column. Bands of different 
thickness indicate varying intensities of staining. 
p = a polymorphic locus detected in a particular population. 
(I iver), (muscle) 
Enzyme lDH G6PD 6PGD GPI GPI MOR PGM GAPDH a GPO T PI IPO PEP A PEP B PEP E PEPS AK 
lake I I I I I I I I I I I I I I I I I I I I I I Cow a I 
lachlan I I I I I I I I I I I I I I I I I I I I I I River 
p 
lake I I I I I I I J l -, t·l I: I ' I I I I I I I I I I Curlew 
' ' 
.... 
lake I I I I I I I t l'l ' l I I ... I I I I I I I I I Brewster 
C, ' ::: .· ... 
' 
Darling I I I I I I I II I .. ,~ L I I I I I I I I I I River 
-
Paroo I I I I I I I I I I I I I I I I I I I I I I River 
p p 
Bulloo I I I I I I I I I II II I I I I I I I I I I I I River 
Wilson I I I I I I I I I I I I I I I I I I I I I I River 
----
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(Whitt, 1970). The two polypeptides, A and B, encoded at 
these loci form LDH isozymes by random assembly into 
tetramic molecules, with a possibility of five types of 
tetramers; A4, A3/Bl, A2/B2, Al/B3 and B4. In the present 
study it is presumed that the three LDH isozyme bands 
detected are the two homotetramers, A4 and B4, and one 
heterotetramer, probably A2/B2. There appears to be some 
restriction in the association of the A and B polypeptides 
such that two of the heterotetramers are not found in liver 
or muscle tissue. The s1owest~migrating A4 homotetramer 
is much more intensely stained than. the other isozymes in 
muscle tissue, whereas all bands •· stain with equal intensity 
in liver samples, indicating some degree of tissue specificity 
of the LDH isozymes. These findings are consistent with 
observations by Whitt and Maeda (1970) and Avise and Smith 
(1974a) of three-band patterns and tissue specificity of the 
LDH isoymes of a number of teleost species. 
Two bands of glucose~s~phosphate dehydrogenase activity 
were found in all PZectPoplites ambiguus specimens examined~ 
The two isozymes are presumably controlled genetically at 
two separate loci with no association of the different 
polypeptides produced. Similar observations of t~e 
electrophoretic pattern of G6PD have been made from tissue 
extracts of the deer mouse, PePomyscus maniculatus (Shaw 
and Barto, 1965), the common or European mouse, Mus Musculus 
(Ruddle et al., 1968) and species of the pupfish genus 
CypPinodon (Turner, 1974). In the present study the enzyme 
adenylate kinase was also found to have a two~band 
electrophoretic pattern, and it is assumed that a similar 
' '--
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explanation of genetic control applies. 
Two glucose phosphate isomerase loci have been found 
1n a large number of bony fish species (Avise and Kitto, 
1973). In most of the higher teleosts examined a regular 
pattern of tissue distribution of GPI isozymes was observed, 
with the faster-migrating GPI-1 isozyme predominant 1n 
liver tissue and the slower-migrating GPI-2 isozyme predominant 
in muscle tissue. Glucose phosphate isomerase isozymes are 
dimeric and are formed by association of polypeptides encoded 
by either the GPI-1 or the GPI-2 locus, with a typical 
three-band electrophoretic pattern found in tissues where 
both loci are expressed. Only the GPI-1 locus is expressed 
in the liver tissue of PZectPopZites ambiguus specimens. 
Both loci are expressed in muscle tissue, with the homodimeric 
GPI-2 isozyme intensely stained and the heterodimer only 
weakly stqined, indicating non-random association of 
polypeptides. 
No evidence was detected of seasonal fluctuations 
directly affecting the electrophoretic patterns of protein 
variation, Several collections of PlectPopZites ambiguus 
specimens were made at different times of the year in the 
Lachlan river system (see Fig. 4.1). Specimens collected 
from Lake Curlew and the Lachlan river in late May showed 
no differences in the electrophoretic patterns of enzymes 
surveyed when compared with specimens collected from Lake 
Brewster in November. 
Of the 19 loci surveyed only two, or 10.5 per cent, 
were found to be polymorphic in the PlectPopZites ambiguus 
specimens examined. Two-allele polymorphisms were detected 
at the one malate oxidoreductase locus scored, and at the 
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GPI-1 locus in both liver and muscle tissue. The 
presumably rare MOR allele was detected in only one specimen, 
a heterozygote, from Lake Curlew (Lachlan river system). 
Specimens from all other river systems were monomorphic at 
this locus. 
The two alleles at the GPI-1 locus, designated 
GPI-la and GPI-lb, were found together only in the Bulloo 
river population, where both homozygotes, GPI-laa and GPI-lbb, 
and the heterozygote, GPI-lab, were detected in a sample 
of 32 specimens. Specimens from Lake Cowal, Lake Curlew, 
Lake Brewster, the Lachlan river, the Darling river and the 
Paroo river were all monomorphic for the slower-migrating 
GPI-laa allozyme, and specimens from the Wilson river were 
all monomorphic for the faster-migrating GPI-lbb allozyme 
(see Plate 4.2). 
The Bulloo river sample yielded three homozygous 
GPI-laa individuals, 13 heterozygotes and 16 homozygous 
GPI-lbb individuals. E~timates of the allele frequencies 
in this population were obtained using the formulae: 
p = (2A + C)/A(A + B + C) 
q = (2B + C)/2(A + B + C) (Begg, 1959) 
where p and q are the frequencies of the GPI-la and GPI-lb 
alleles respectively, A and B are the total number of 
homozygous GPI-laa and GPI-lbb individuals respectively, and 
C is the total number of heterozygous individuals. Allele 
frequencies obtained using this procedure were GPI-la = 0.30 
and GPI-lb = 0.70, so the common allele in the Bulloo river 
population of PZeatropZites ambiguus corresponds to the 
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Plate 4.2 
Cellulose acetate electrophoresis of glucose 
phosphate isomerase in the liver tissue of PLectropZites 
ambiguus specimens from different populations. The 
origin is at the bottom of the print and all bands have 
migrated anodally. Populations represented are, from 
left to right: Wilson river, Bullae river GPI-la 
homozygote, two Bullae river heterozygotes, Bullae river 
GPI-lb homozygote, and Darling river. PLectropLites 
ambiguus specimens from Lake Cowal (Bland Creek), the 
Lachlan river and the Parco river all have identicle 
mobilities to the Darling river specimens. 
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Figure 4.5 
A map of south-~astern Australia, showing the 
geographic distribution of allele frequencies at the 
glucose phosphate isomerase -'1 docus in conspecific 
; 
populations of PZeatropZ.ites arnbiguus. Samples were 
·taken from three locations in the Lachlan river, but as all 
speeim~ns had identical el~ctrophoretic mobilities at the 
f . . . . 
GPI-1 locus, only one symbol is used to represent allele 
frequencies in the\Lachl~.n river population. 
GPI-la () GPI-lb 
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fixed allele in the Wilson river population, and the rare 
,allele corresponds to the fixed allele in populations from 
the Murray-Darling drainage area (see Figure 4.5). 
Similarity coefficients (S) were calculated for all 
possible pairings of locations at which Plectroplites 
ambiguus specimens were captured. Coefficients were 
obtained using the method described in section 4.2.1, except 
that at the GPI-1 locus the allele frequencies calculated 
were used as a direct measure of genetic similarity. For 
example the similarity value between the Bulloo river sample· 
and the Wilson river sample at the GPl-1 locus is 0.70; 
between the Bulloo and Darling river samples the value is 
0.30. Overall similarity coefficients calculated from the 
19 loci surveyed yielded values between S = 0.92 and S = 1.0 
with an average of S = 0.97. 
4.3.2 Discussion 
The geographical distribution of GPI-1 alleles in 
Plectroplites ambiguus populations indicates a large 
amount of divergence at this locus, with all but one 
population sampled being monomorphic for one or other of 
the two alleles. The pattern of variation observed appears 
to correspond to the sequential occurrence of separate 
drainage areas across the geographical range of the species. 
Populations from drainage areas at either end of the range 
are monomorphic for different alleles and a population from 
an intermediate drainage area is heterozygous, representing 
a zone of intergradation of the two alleles. 
A sample of 32 specimens from the heterozygous Bulloo 
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river populations yielded the genotypes GPI-laa, GPI-lab 
and GPI-lbb in the proportions of 3 : 13 : 16, and allele 
frequencies of p = 0.30 (GPI-la) and q = 0.70 (GPI-lb). 
The stability of this polymorphism was tested by calculating 
the expected genotype frequencies of the population assuming 
it is in Hardy-Weinberg equilibrium. The Hardy-Weinberg 
law is based on the idea that the allele and genotype 
frequencies of a large, random mating population are constant 
from generation to generation in the absence of migration, 
mutation and selection (Hardy, 1908). If the frequencies 
of the two alleles, a and b, are p and q, and mating is at 
random, then offspring will be produced with genotypic 
frequencies of : 
2 . 2 p (aa) : 2pq(ab) : q (bb) 
Applying the observed GPI-1 allele frequencies of the Bulloo 
river Pleatroplites ambiguus population to this formula, 
the expected genotype frequencies calculated are 
2.8 : 13.4 : 15.8 for a sample of 32 specimens. These 
figures closely agree with the observed genotype frequencies, 
indicating a random mating population with no particular 
genotype being selectively disadvantaged during reproduction. 
The Bulloo river system is thought to join up with 
waters of the Darling river system in times of exceptional 
flooding (personal local communications). If this is so 
a possible explanation of polymorphism at the GPI-1 locus 
of the Bulloo river Pleatroplites ambiguus population is 
that variation is maintained by occasional introgressions 
of the Darling river gene pool into /a population that is 
genetically essentially similar to the monomorphic Wilson 
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river population. The testing of this hypothesis would 
require the correlation of data on allele frequencies over 
successive generations of the Bulloo river population, 
with the incidence and extent of local flooding over the 
same period of time. This type of information is not 
presently available, but no biochemical or morphological 
evidence gathered to date suggests that Pleatroplites 
ambiguus individuals from the Bulloo river system form 
anything but a discreet, randomly breeding population. 
Two other interesting aspects of the electrophoretic 
data on protein variation in Pleatroplites ambiguus 
populations are the low proportion of polymorphic loci 
detected, and the high degree of genetic similarity between 
geographically separated populations. These observations 
are somewhat surprising in view of the amount of genetic 
divergence evident at the GPI-1 locus. It would seem 
reasonable to expect that this amount of variation would be 
reflected by variation in at least a few other loci sampled. 
This expectation would seem even more plausible in view of 
the large amounts of significant morphological variation 
found between some PZeatroplites ambiguus populations (see 
section 3.4.2); in some cases the same specimens were 
examined to provide bo~h morphological and biochemical data. 
There are a number of possible explanations for the 
anomalous electrophoretic results obtained: 
a) With the exception of the GPI-1 locus, genetic 
divergence in allopatric Pleatroplites ambiguus 
populations is not reflected by electrophoretic 
variation in the proteins surveyed. 
,Turner (1974) found that five morphologically distinct 
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species of the pupfish genus Cyprinodon showed very little 
electrophoretic variation 1n 31 loci surveyed. To account 
for this he developed the hypothesis of an essentially 
dichotomous evolving genome in pupfish species. A 
portion of the genome is invariant, encoding a strongly 
coadapted "metabolic core" of enzymes which can tolerate 
extensively fluctuating environmental conditions. This 
"core" included most of the enzymes electrophoretically 
analysed. This hypothesis could be used to interpret 
the findings of the present study but, as Turner stressed, 
there is no evidence to suggest that certain species have 
more strongly coadapted metabolic enzymes than others, 
and in any case - "It is diffiault to see how a group of 
genes aould remain virtually invariant unless invarianae 
was favoured by seleation." No further comment on this 
hypothesis is useful until more is known concern1ng the 
relative contributions of different genes, or groups of 
genes, to total genetic variation over a period of time. 
b) The stochastic process of random genetic drift 
has significantly affected intra-specific 
variation in Pleatroplites ambiguus 
populations by reducing the number of 
polymorphic loci and altering allele 
frequencies - 1n some cases to loss or 
fixation, as evidenced by the GPI-1 locus. 
In small populations, or populations that undergo 
periodic crashes and rebuilding from a small number of 
survivors, most existing allelic variations are likely to be 
fixed or lost by random fluctuations in allele frequencies, 
even in relatively short periods of evolutionary time 
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(Wright, 1940). This process has been shown to be an 
important factor in the reduction of protein variability 
in four species of the lizard genus AnoZis (Webster et al., 
1972) and in the cavefish Astyanax mexicanus (Avise and 
Selander, 1972). 
While populations of PZectropZites ambiguus 
undoubtedly undergo some fluctuation in numbers due to 
adverse environmental conditions, such as droughts, it 1s 
unlikely that any of the populations presently studied 
are reduced to such small breeding numbers that random 
d,.ift 
geneticAwill significantly alter patterns of variation. 
A large portion of the Murray-Darling drainage area has 
permanently flowing waters, and there are permanent 
waterholes in the internal drainage areas even when 
drought has stopped the flow of streams. The large 
numbers of small PZectropZites ambiguus found in 
watercourses shortly after a drought lS broken indicate 
that a reasonable number of breeding adults survive the 
dry periods, and that populations are not reduced to near-
extinction - the level at which the process of random 
genetic drift is most likely to affect patterns of 
variation. 
It may also be noted that the geographical distribution 
of variation at the GPI-l locus in PZectropZites ambiguus 
appears too well ordered to be due solely to the process 
of random drift of allele frequencies to loss or fixation. 
The sequential alteration of allele frequencies in 
different drainage areas strongly suggests the influence 
of varying selection pressures on allopatric populations 
at the GPI-l locus. 
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c) The lack of gene flow between geographically 
separated populations of PlectropZites ambiguus 
has led to reductions in the number of heterozygous 
loci, and to the loss or fixation of alleles where 
varying selection pressures have persisted in 
different areas. 
Zoogeographers have recognised that in some respects 
freshwater habitats are similar to island habitats. Land 
is a physical barrier to the dispersal and inter-breeding 
of freshwater fishes just as water is a barrier to 
terrestrial island populations. According to the gene 
,. 
flow-variation hypothesis (Mayr, 1963; Soule, 1971) high 
levels of variation or polymorphism are maintained 1n 
populations in the "central" portion of a species' range 
by gene flow from the many and varied more "peripheral" 
populations. In contrast, gene flow to a "peripheral" 
population is low, and entirely absent if the population is 
geographically isolated. Allopatric populations therefore 
do not receive the variety of alleles expected from the 
mixing of gene pools adapted to different environmental 
conditions. This is reflected by small numbers of 
heterozygous loci and the tendancy towards loss or fixation 
of existing alleles. 
The last-mentioned hypothesis appears to be the most 
feasible explanation of the observed electrophoretic data 
on protein variation in PZectropZites ambiguus populations, 
but it is clearly desirable that more biochemical characters 
be studied over a greater range of the species, and over a 
longer period of time. Attempts to relate protein 
variability to environmental variations should help to 
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detect factors that determine genetic variation between 
PlectropZites ambiguus individuals, and to elucidate the 
evolutionary trends of genetic divergence in isolated 
populations. 
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Chapter 5 
Taxonomy and Evolutionary Relationships 
5.1 Familial Status of the Australian Freshwater and 
Estuarine Percichthyid Species 
Listed below are the morphological characters used in 
the present study to distinguish between the families 
Percichthyidae and Serranidae. Included after each character 
state description are the Australian genera which exhibit the 
feature described:-
Percichthyidae 
1. 
Operculum without a spine or 
point below the main spine. 
MaaauZZoaheZZa; PZeatro-
pZites; Maaquaria; 
PeraaZates (Fig. 3.1B). 
2 • 
Upper border of the cerato-
hyal approximately straight, 
with either an oblong 
excavation or a complete 
foramen just below the 
border. PZectropZites; 
Maaquaria; PeraaZates 
(Fig. 3.1A). 
Serranidae 
Operculum with a point below 
the main spine. 
Upper border of the cerato-
hyal smoothly concave. 
MaccuZZoaheZZa (Fig. 3.1A). 
Percichthyidae 
3 . 
Longitudinal lateral ridges 
absent from the sides of the 
supraoccipital crest. 
4. 
Some of the dorsal and anal 
soft ray pterygiophores 
divided into three bony 
parts. MaccuZZocheZZa; 
PZectropZites; Macquaria; 
PercaZates (Fig. 3.3B). 
5. 
Half or one pectoral actin-
est articulating with the 
coracoid. MaccuZZocheZZa; 
PZectropZites; Macquaria; 
PercaZates (Fig. 3.5). 
6. 
Post pelvic process long in 
relation to the pelvic girdle 
length. PZectropZites; 
Macquaria; PercaZates 
(Fig. 3.6). 
7. 
Caudal skeleton with two 
uroneurals. PZectropZites; 
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Serranidae 
Supraoccipital crest with 
longitudinal lateral ridges 
extending along both sides. 
MaccuZZocheZZa; PZectropZites; 
Macquaria; PercaZates 
(Fig. 3.2). 
None of the dorsal and anal 
soft ray pterygiophores 
divided into three bony 
parts. 
One and a half to two pectoral 
actinosts articulating with 
coracoid. 
Post pelvic process short in 
relation to the pelvic girdle 
length. MaccuZZocheZZa 
(Fig. 3 . 6) . 
Caudal skeleton with a single 
uroneural. MaccuZZocheZZa 
Percichthyidae 
Maaquaria; PeraaZates 
(Fig. 3.7A). 
8 
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Serranidae 
(Fig. 3.7A). 
Gas bladder anteriorly bi-
lobed. MaaauZZoaheZZa; 
PZeatropZites; Maaquaria; 
PeraaZates. 
Gas bladder rounded at both 
ends. 
9 . 
Fishes not hermaphroditic. 
MaaauZZoaheZZa; PZeatro-
pZites; Maaquaria; 
PeraaZates. 
Fishes hermaphroditic. 
Members of the genera MaaauZZoaheZZa~ PZeatropZites~ 
Maaquaria and PeraaZates have been placed usually in the 
family Serranidae (Stead, 1906; Ogilby, 1920; Roughley, 
1951; Greenwood et al., 1966; Lake, 1967, 1971). Gosline 
(1966) has redefined a restricted family Serranidae on 
morphological grounds, and provisionally defined another 
generalised percoid family, Percichthyidae, to contain some 
of the genera excluded from the new serranid group. Examina-
tion of Gosline's morphological criteria in the Australian 
genera has shown that these fishes should not be included in 
the Serranidae (sensu Gosline) but can be at least provision-
ally placed ln Gosline's family Percichthyidae. 
I have some reservations about the cohesiveness of the 
family Percichthyidae as a taxonomic unit, and about the 
validity of the group as a reflection of apparent phylogeny. 
Percichthyid species have been grouped almost exclusively 
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on the common possession of character states considered to be 
among the most generalised or primitive in percoid fishes. 
Hennig (1966) has warned of the potentially misleading 
evolutionary inferences that can be drawn from taxa defined 
on the basis of synpleismorphic characters - as is the case 
with the Percichthyidae. Rosen (1973) summarises the problem 
with the statement that 
"··· relatedness is determinable only when 
two groups of organisms share the same 
'derived conditions of structure or organis-
ation, and not simply by their phenetic 
resemblance to each other in a mixture of 
shared advanced and primitive features or 
primitive features only." 
Gosline (1966) redefined the formerly diverse family 
Serranidae because of the tendency of this group to become 
a "wastebasketi' of lower percoid species that did not belong 
in some other more specialised family. Gosline's family 
Serranidae has been defined on the basis of character states 
thought to represent specialisations from the generalised 
percoid condition. Such character states include a third 
lower opercular spine; none of the dorsal and anal soft ray 
pterygiophores divided into three bony parts (usually only 
two parts); and only a single uroneural in the caudal 
skeleton. Apart from the possession of an anteriorly bilobed 
or posteriorly extended gas bladder the Percichthyidae are 
not characterised by anyspecialisations, and could possibly 
present the same taxonomic problem as the previously ill-
defined Serranidae by becoming another "wastebasket" group. 
Gosline (1971) points out, however, that the percoids 
are among the last great proliferation of higher teleostean 
fishes. These fishes may have replaced earlier forms but 
they have not themselves been replaced, and most of the 
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spectrum of percoid adaptive radiation is still represented 
by living forms. Under these circumstances I consider it 
possible that a group of fishes which has retained many of 
the features thought to be at the centre of percoid radiation 
could still represent a single phyletic line of evolution. 
In the case of the Australian freshwater Percichthyidae the 
possession of an anteriorly bilobed gas bladder - considered 
by Gosline (1966) to be a specialisation from the proto-
percoid condition - supports the suggestion that these fishes 
may be phylogenetically as well as phenetically related. 
The question of whether the percichthyids represent a 
level of percoid structural organisation or a phylogenetically 
related group cannot be answered without further comparison 
of the features of this group with data from other perciform 
families, but the family Percichthyidae 1s here provisionally 
accepted as a convenient taxonomic unit. 
I have some doubt about the placement of MaccullocheZZa 
1n the family Percichthyidae. The genus exhibits a number 
of specialised morphological character states held in common 
with Gosline's family Serranidae. These features include a 
smooth, concave upper border of the ceratohyal; longitudinal 
lateral ridges on either side of the supraoccipital crest; a 
short post pelvic process; and only a single uroneural 1n the 
caudal skeleton. However Maccullochella also exhibits an 
anteriorly bilobed gas bladder, which is considered a 
specialised percichthyid characteristic. The genus Maccullo-
chella requires further investigation, and the evolutionary 
affinities and taxonomic position of the group will become 
evident only after detailed examination of other Australian 
marine and freshwater percoid genera - taxa which presumably 
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have a common ancestor with Maccullochella. 
For the present Maccullochella is placed in the family 
Percichthyidae on the basis of closer phenetic resemblance 
to members of this family; because it possesses the special-
ised percichthyid bilobed gas bladder; and because it has a 
strictly freshwater habit - common in percichthyids but rare 
in the predominantly marine serranids. 
5.2 Sub-familial Relationships 
Listed below are the morphological characters examined 
in the present study which show a clear dichotomy between 
the genus Maccullochella and the MacquaPia group - consisting 
of the genera PlectPoplites, MacquaPia and PePcalates. 
Maccullochella 
1. 
Head broad and depressed, 
with a rounded lateral snout 
profile (Figs. 3.8A,B and 
3.10A,B). 
2. 
Eyes dorso-lateral 
3. 
Dorsal neurocranial surface 
transversely flat in the 
interorbital region. 
4. 
Upper border of the cerato-
hyal smoothly concave, and 
MacquaPia group 
Head deep and compressed, 
with a tapered lateral snout 
profile. 
Eyes lateral 
Dorsal neurocranial surface 
transversely convex in the 
interorbital region. 
Upper border of the cerato-
hyal approximately straight, 
MaaauZZoaheZZa 
a highly serrated cerato-
hyal - epihyal suture 
(Fig. 3.1A). 
5. 
Supraoccipital crest low, 
flat . ( Figs . 3 . 2 and 3 . 8 B ) . 
6. 
Frontals with a continuous 
transverse ridge. (Figs. 
3.8B and 3.9A). 
7. 
Prominent fronto-parietal 
ridges (Fig. 3.9A). 
8. 
Supraoccipital continued 
beyond the commencement of 
the supraoccipital crest 
(Fig. 3.9A). 
9 • 
No serrations on the ventral 
or posterior margins of the 
preoperculum, suboperculum, 
interoperculum, post temporal, 
cleithrum or lacrimal (Figs. 
3.1B, 3.5, 3.9A and 3.llA). 
10. 
Post pelvic process short 
(Fig. 3. 6). 
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Maaquaria group 
with either an oblong excava-
tion or a complete foramen; 
ceratohyal - epihyal suture 
not serrated. 
Supraoccipital crest promin-
ent, triangular in shape. 
Frontals without a continuous 
transverse frontal ridge. 
No prominent fronto-parietal 
ridges 
Supraoccipital not continued 
beyond the commencement of 
the suppraoccipital crest. 
Serrations on the ventral or 
posterior margins of the 
preoperculum, suboperculum, 
interoperculum, post temporal, 
cleithrum and lacrimal. 
Post pelvic process long and 
forked. 
Maccullochella 
11. 
Premaxilla ascending process 
35 per cent or less of the 
length of the premaxilla 
lateral arm. 
12. 
Metapterygoid with a large, 
visible foreamen (Fig. 3.11B). 
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Macquaria group 
premaxilla ascending process 
44 per cent or more of the 
length of the premaxilla 
lateral arm. 
Metapterygoid with a small 
foramen, partly covered by 
a lamina. 
Evidence from both morphological and electrophoretic 
studies show that the Australian freshwater and estuarine 
percichthyid species fall into two subgroups, the genus 
Maccullochella and the Macquaria group. Genetically these 
two subgroups are widely separated, differing in at least 
60 per cent of the 19 loci examined (see Fig. 4.2 and Table 
4.1). Morphologically the two subgroups differ significantly 
in conservative characters such as skull shape and the shape 
and position of the dorsal neurocranial bones. The gross 
genetic and morphological variation observed indicates that 
Maacullochella and the Maaquaria group can be separated at 
least at the genus level, and possibly at higher levels 
pending a final decision on the familial status of 
Maccullochella. 
Preliminary examinations of morphological characters 
distinguishing Maccullochella and the Macquaria group were 
made in specimens of the Australian marine species Aaanthistus 
ainctus, Acanthistus serratus, Promicrops lanceolatus and 
Plectropomus maaulatus. These species have been included in 
the Serranidae (Munro, 1961) prior to Gosline's (1966) 
redefinition of that family. A dichotomy similar to that 
of the two freshwater subgroups was found by the present 
author between PPomiaPops and the other marine species. 
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This observation suggests firstly that the Australian marine 
serranid species are in need of closer taxonomic investigation. 
Secondly, assuming a marine origin of Australian freshwater 
percoids, the point of divergence of MaaauZZoahella and the 
MaaquaPia group from a common ancestor appears to have been 
during a marine stage of the evolutionary development of the 
two subgroups. A logical extension of this hypothesis is 
that Maaaulloahella and.the MaaquaPia group represent two 
separate colonisations of Australian freshwaters after the 
subgroups had diverged from a common marine ancestor. 
The MacquaPia group, consisting of the genera PZeatPo-
plites, MaaquaPia and PePaaZates, is a closely related 
assemblage of species which I consider are the products of a 
single phyletic line of development. Morphologically these 
species are very similar, with the most notable variations 
being the relatively reduced jaw structure of MaaquaPia 
austPalasiaa and the emarginate caudal fins of the PePaalates 
species (all other species have rounded caudal fins). The 
amounts ~f genetic variation within the group, as reflected 
by similarity coefficients (Table 4.1), are typical of values 
found for congeneric species of a wide range of vertebrate 
animals (see section 4.2.2). I therefore conclude that 
PleatPoplites ambiguus, MaaquaPia austPalasiaa, PePaalates 
aolonoPum and PePaalates novemaauleatus can be placed in a 
single genus. In accordance with the rules of the Inter-
national Commission of Zoological Nomenclature the oldest 
available generic name for such a group would be Macquaria 
Cuvier and Valenciennes, 1830. 
Morphological and electrophoretic evidence from the 
present study has supported the distinction of two species 
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of Maccullochella and is in agreement with the work of Berra 
and Weatherley (1972), in which the separate species M. peeli 
and M. macquariensis were erected. No significant morpho-
logical or electrophoretic variation was detected between 
Percalates specimens initially identified as either P. 
colonorum or P. novemaculeatus. This finding is not consis-
tent with the conclusions of Williams (1970), who distingishes 
the two Percalates forms as separate species on morpnological 
and ecological grounds. The data relevant to variation 
within Maccullochella and Percalates has been discussed at 
length in sections 3.3.2 and 4.2.2, and will not be repeated 
here. 
5.3 Intra-specific Geographical Variation 
Geographically separated conspecific populations of 
Plectroplites ambiguus have been found to exhibit considerable 
morphological variation across the range of the species (see 
Table 3.1) presumably as an adaptive response to varying 
environmental conditions in different river systems. The 
degree of morphological variation between Plectroplites 
populations shows a clinal increase which corresponds to 
increasing geographical distance or isolation between the 
populations compared. Within this clinal pattern of variation 
there is a clear distinction between populations of the 
Murray-Darling drainage area and the internal drainage area 
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populations of the Bulloo and Wilson rivers. The geographic-
ally ''adjacent" Darling river and Bulloo river populations 
have a variation coefficient value of 0.38 compared to values 
of 0.13-0.19 for the other pairs of geographically "adjacent" 
populations (see Table 3.1), and 0.50 or 50 per cent of the 
32 characters examined showed significant variation between 
the Wilson river population and the populations of the Murray-
-Darling drainage area. 
The large degree of conspecific morphological divergence 
found in PZeatPopZites ambiguus is not reflected by large 
amounts of genetic variation. Only one out of 19 loci surveyed 
in five PZeatPopZites populations exhibited significant vari-
ation. The two-allele polymorphic glucose phosphate isomerase-1 
(GPI-1) locus yields, however, a clinal pattern of allele 
frequencies that is similar to the clinal pattern obtained 
f.rom morphological studies of PZeatPop lites populations. 
It was thought possible that the internal drainage area and 
Murray-Darling populations comprised two separate subspecies, 
with the Bulloo population less distinct from the Murray-Darling 
populations because of the occasional intermixing when waters 
the Darling and Bulloo river systems join in time of floods. 
Frequency distributions of the orbit length and the length of 
the longest dorsal spine were constructed for the Bulloo river 
sample. These two characters show the greatest variation between 
the internal drainage area and Murray-Darling populations. No 
evidence of bimodal distributions was detected, indicating the 
sample was taken from a single population. In addition the 
distribution of GPI-1 genotypes in the Bulloo river sample was 
in Hardy-Weinberg equilibrium, indicatingthe sample was taken 
from a single random-mating population. It seems likely, 
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then, that the Bulloo river sample represents a discrete, 
intermediate population in the clinal pattern of PZectropZites. 
The morphological and electrophoretic variation observed in 
PZectropZites populations lS here considered not sufficient 
to indicate the existence of separate subspecies or spec1es. 
Populations of Macquaria austraZasica have shown a 
similar degree of morphological variation to PZectropZites 
populations (Table 3.2). The geographical pattern of this 
variation is not clear, but there appears to be some 
distinction between Macquaria populations from either side 
of the Great Dividing Range, with variation coefficients of 
0.38-0.43 between the eastern coastal Kangaroo-Shoalhaven 
population and two Murray-Darling populations. Counts of the 
number of branchiostegals and the number of dorsal spines in 
additional Macquaria specimens from a wide range of locations 
(see section 3.4.4) indicate that the dichotomy across the 
Divide is not clearcut. No ordered pattern of variation 
could be discerned for these two characters, and the occurrence 
of variation in both characters within a single river system 
suggests that morphological features of Macquaria are more 
variable over the range of the species than is the case with 
PZectropZites. 
In conclusion, the evidence obtained from the present 
study indicates that geographically separated conspecific 
populations of PZectropZites ambiguus and Macquaria australasica 
have shown some degree of genetic and/or morphological 
divergence in response to varying environmental conditions 
and reproductive isolation. No evidence obtained so far 
suggests that div ergence in either species is so extensive 
~ 
that separate subspecies or species should be considered. 
159 
5.4 Species Characteristics and Synonyms 
Listed below are comprehensive morphological descriptions 
h 
of the Australian freshwater and estuarine percichtyid 
1\ 
species, together with a list of proper names which have been 
used as synonyms for each species. Only the first known 
author to publish a synonym is cited, and the lists of 
synonyms are not meant to stand as full synonymies. Morpho-
logical characteristics are listed by genus and then by 
species. The morphological data is drawn partly from the 
literature, but mostly from the features described in the 
present study. 
For further details of the external morphology, 
distribution and synonymic history of each species the reader 
is referred to Chapter 1 of this study and to publications by 
Ramsay and Ogilby (1887), Ogilby (1920), Williams (1970) and 
Berra and Weatherley (1972). 
MaaauZZoaheZZa Whitley, 1929 
Body oblong, deep, robust. Scales small, narrow, 
t 
indistincly ciliated or cycloid. Snout naked, cheeks and 
" 
operculum scaled. Lateral line complete, continued on the 
base of the caudal fin. Mouth terminal, large, with a 
slightly oblique cleft. Upper jaw protractile. Maxilla 
extended past the posterior marg~n of the orbit in adults. 
Supramaxilla present. Head broad, depressed, with a rounded 
lateral profile of the snout. Eyes small, dorso-lateral. 
Dorsal neurocranial surface transversely flat in the inter-
orbital region. Supraoccipital crest long, low, with 
median longitudinal ridges along either side. Prominent 
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fronto-parietal ridges. A continuous transverse ridge present 
on the posterior frontals. Supraoccipital extended anteriorly 
beyond the commencement of the supraoccipital crest. Lateral 
line canal foramina on the frontals well defined. Dorsal 
border of the ceratohyal smooth, concave. Ceratohyal - epihyal 
suture strongly serrated. A second anterior articular facet 
on the dorsal surface of the palatine. Premaxilla ascending 
process 0.29-0.35 of the length of the lateral premaxilla 
arm. Lateral line canal foramina on the ventral dentary 
surface small, oblong, narrow. Half to one pectoral actinost 
abutting the coracoid. A short post pelvic process on the 
pelvic girdle. Operculum with two spines, the lower spine 
more prominent. No serrations on the preoperculum, sub-
operculum, interoperculum, post temporal, cleithrum, lacrimal 
or jugal. Lacrimal elongate, extended beyond the leading 
edge of the maxilla. A large unprotected foramen in the 
metapterygoid. A single caudal uroneural. At least two 
dorsal and anal soft ray pterygiophores divided into three 
bony parts. Caudal fin rounded, with 17 principle rays. 
Pelvic fins inserted in advance of the pectoral bases. 
Teeth villiform on the premaxilla, dentary, vomer and 
palatines. Tongue smooth. Tooth plates present on the 
upper and lower pharyngeals. Branchiostegals seven. Pre-
dorsal bones two to four. Gas bladder anteriorly bilobed. 
MacculZochella peeZi (Mitchell) 
Synonyms:-
Gryptes brisbanii Lesson, 1825 - nomen nudum 
Grystes macquariensis Cuvier and Valenciennes, 1829 
Grystes brisbanii Lesson, 1831 
Acerina (Gristes) peeli Mitchell, 1838 
Oligorus macquariensis Gunther, 1859 
Oligorus mitcheZZi Castelnau, 1873 
Oligorus gibbiceps Macleay, 1885 
Dorsal head profile concave. Jaws equal or lower jaw 
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protruding beyond the upper jaw. Snout 28 per cent (24-32) 
of head length. Vertebrae 15 + 20 (19-21) = 35 (34-36). 
Dorsal fin x - xii, 14 - 16. Anal fin iii, 11 - 13. 
Pectoral fin 18 - 21. Pelvic fin i, 5. Gill rakers 16 - 19. 
Scales in the lateralline 65- 80, above the lateral line 
19 - 32, below the lateral line 36 - 55. 
MaccuZZocheZZa macquariensis (Cuvier and Valenciennes) 
Synonyms:-
* as for M. peeli 
Dorsal head profile straight. Upper jaw overhangs lower 
jaw. Snout 32 per cent (25-37) of head length. Vertebrae 
14 + 21 (20-22) = 35 (34-36). Dorsal fin Xl- xii, 14 - 16. 
Anal fin iii, 10 - 13. Pectoral fin 18 - 20. Pelvic fin i, 
5. Gill rakers 18 - 19. Scales in the lateral line 63 - 82, 
above the lateral line 19 - 30, below the lateral line 33 - 48. 
Plectroplites Gill, 1863 
Plectroplites ambiguus (Richardson) 
Synonyms:-
Datnia? (Dules) ambigua Richardson, 1845 
* There is uncertainty as to the specific status of some of 
the specimens from which MaccuZZocheZZa synonyms were 
derived. The list given under M. peeli therefore includes 
proper names which may refer to either M~ peeli or M. 
macquariensis. 
Dules ambiguus Gunther, 1859 
Ctenolates macquariensis Gunther, 1871 
Dules auratus Castelnau, 1872 
Dules flavescens Castelnau, 1875 
PZectropZites ambiguus Bleeker, 1876 
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Body deep, sub-ovate, compressed. Scales small to 
moderate, predominantly ctenoid with fine ciliation. Snout 
naked, cheeks and operculum scaled. Lateral line complete, 
curved upwards to follow the dorsal outline of the fish, 
continued on the base of the caudal fin. Mouth terminal, 
with an oblique cleft. Upper jaw protractile. Lower jaw 
protruding beyond the upper jaw. Maxilla extended to below 
the centre of the orbit in adults. Supramaxilla present. 
Head deep, compressed, with a tapered lateral snout profile. 
Dorsal head profile concave. Eyes lateral. Dorsal neuro-
cranial surface transversely convex in the interorbital 
region. Supraoccipital crest prominent, triangular shaped, 
laterally expanded to form a narrow roof on the dorsal 
margin, with lateral longitudinal ridges along the mid-sides. 
Supraoccipital not extended beyond the commencement of the 
supraoccipital crest. Lateral line canal foramina on the 
anterior frontals not well defined. Dorsal border of the 
ceratohyal approximately straight, with an oblong excavation 
in it. A smooth ceratohyal - epihyal suture, with almost no 
serrations. A second anterior articular facet on the dorsal 
palatine surface. Ascending process of the premaxilla 0.45 
to 0.50 of the length of the lateral premaxilla arm. Lateral 
line canal foramina on the ventral dentary surface rounded, 
moderate to large. One pectoral actinost abutting the cora-
coid. A long, forked post pelvic process on the pelvic 
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girdle. Operculum with two spines, the lower one longer and 
subdivided into two or more points. Preoperculum with fine 
serrations on the upper arm and stronger spines, pointing 
forward, on the lower arm. Serrations on the posterior or 
ventral margins of the suboperculum, interoperculum, post 
temporal, cleithrum, lacrimal and jugal. Lacrimal deep, 
partly covering the maxilla. A small foramen in the metap-
terygoid, partly covered by a protruding metapterygoid lamina. 
Two caudal uroneurals. At least two dorsal and anal soft ray 
pterygiophores divided into three bony parts. Caudal fin 
rounded, with 17 principle rays. Pelvic fins inserted below 
the base of the pectoral fins. Teeth villifirm on the pre-
maxilla, dentary, vomer and palatines. Tongue smooth. Tooth 
plates on the upper and lower pharyngeals. Branchiostegals 
seven. Predorsal bones three. Gas bladder anteriorly bilobed. 
Vertebrae lO + 16 = 26. Dorsal fin ix - x, 11 - 13. Anal 
fin iii, 8 - 10. Pectoral fin 15 - 18. Pelvic fin i, 5, 
the outer soft ray produced into a filament. Gill rakers 
19 - 23. Scales in the lateral line 50 - 63, above the 
lateral line 15 - 18, below the lateral line 28 - 38. 
Macquaria Cuvier and yalenciennes, 1830 
Macquaria austraZasiaa Cuvier and Valenciennes 
Synonyms:-
Macquaria austraZasiaa Lesson, 1825 - nomen nudum 
Macquaria austraZasiaa Cuvier and Valenciennes, 1830 
DuZes viverrinus Krefft, 1867 
DuZes christyi Castelnau, 1872 
Murrayia guntheri Castelnau, 1872 
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Murrayia cyprinoides Castelnau, 1872 
Murrayia bramoides Castelnau, 1872 
Riverina fluviatilus Castelnau, 1872 
Murrayia riverina Macleay, 1881 
Murrayia jenkinsi Macleay, 1885 
Body deep, sub-ovate, compressed. Scales moderate to 
large, predominantly ctenoid. Snout naked, cheeks and 
operculum scaled. Lateral line complete, curved upwards to 
follow the convex dorsal profile of the fish, continued on 
the base of the caudal fin. Mouth terminal, small, with an 
almost horizontal cleft. Jaws in vertical alignment at the 
tip of the snout (equal). Upper jaw protractile. Maxilla 
short, extending only to below the anterior margin of the 
orbit. Supramaxilla present. Head deep, compressed, with a 
tapered lateral snout profile. Dorsal head profile concave. 
Eyes lateral, large. Dorsal neurocranial surface transversely 
convex in the interorbital region. Supraoccipital crest 
prominent, triangular shaped, with median longitudinal ridges 
along each side. Supraoccipital not extended anteriorly 
beyond the commencement of the supraoccipital crest. Lateral 
line canal foramina on the anterior frontals large, open and 
not well defined. Dorsal border of the ceratohyal approxl-
mately straight, with an oblong excavation in it. A smooth 
ceratohyal - epihyal suture, with almost no serrations. A 
second anterior articular facet on the dorsal palatine 
surface. Ascending process of the premaxilla 1.00 or equal 
in length with the lateral premaxilla arm. Articular facet 
of the lateral premaxilla arm extended to the distal tip of 
the arm. Lateral line canal foramina on the ventral dentary 
and articular surfaces large, rounded. Half to one pectoral 
165 
actinost abutting the coracoid. A long, forked post pelvic 
process on the pelvic girdle. Operculum with two spines, the 
lower one more prominent. Both opercular spines subdivided 
into a number of small points or serrations. Preoperculum 
finely serrated on both arms, with large, open foramina in 
the preopercular lateral line canal. Serrations on the 
posterior or ventral margins of the suboperculum, interoper-
culum, post temporal, supracleithrum, cleithrum and lacrimal, 
but not on the jugal. Lacrimal deep, almost covering the 
maxilla. A small foramen in the metapterygoid, partly covered 
by a protruding metapteyrgoid lamina. Two caudal uroneurals. 
At least two dorsal and anal soft ray pterygiophores divided 
into three bony parts. Caudal fin rounded, with 17 principal 
rays. Pelvic fins inserted slightly behind the base of the 
pectoral fins. Teeth villiform on the premaxilla, dentary 
and vomer, but vestigial or absent on the palatines. Tongue 
smooth. Tooth plates present on both upper and lower 
pharyngeals. Branchiostegals six or seven. Predorsal bones 
three or four. Gas bladder anteriorly bilobed. Precaudal 
vertebrae 11 - 12, caudal vertebrae 17 - 19, total vertebrae 
29 - 30. Dorsal fin x- xi, 11 - 14. Anal fin iii, 8 - 11. 
Pectoral fin 14 - 17. Pelvic fin i, 5. Gill rakers 17 - 21. 
Scales in the lateral line 42- 57, above the lateral line 
9 - 11, below the lateral line 18 - 22. 
Percalates Ramsay and Ogilby, 1887 
Body sub-ovate, compressed. Scales moderate, predomin-
antly ctenoid. Snout naked, cheeks and operculum scaled. 
Lateral line complete, continued on the base of the caudal 
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fin. Mouth terminal, with an oblique cleft. Upper jaw 
protractile. Lower jaw protrudes beyond the upper jaw. 
Maxilla extends back to below the centre of the orbit in 
adults. Supramaxilla present. Head deep, compressed, with 
a tapered lateral snout profile. Eyes lateral. Dorsal 
neurocranial surface transversely convex in the interorbital 
region. Supraoccipital crest prominent, laterally expanded 
along the dorsal margin, and with median longitudinal ridges 
along either side. Tip of the supraoccipital crest often 
extended into a spine. Supraoccipital not extended beyond 
the commencement of the supraoccipital crest. Lateral line 
canal foramina on the anterior frontals not well defined. 
Dorsal border of the ceratohyal approximately straight, with 
a complete foramen just below it. A smooth ceratohyal -
epihyal suture, with very few serrations. No second anterior 
articular facet on the dorsal palatine surface. Ascending 
process of the premaxilla 0.44 ~ 0.48 of the length of the 
lateral premaxilla arm. Lateral line canal foramina on the 
ventral dentary surface moderate, oblong. Half to one 
pectoral actinost abutting the coracoid. A long, forked post 
pelvic process on the pelvic girdle~ Operculum with two 
spines, the lower spine very stout. Preoperculum serrated 
on the upper arm, and with stout spines pointing forward on 
the lower arm. Serrations on the posterior or ventral 
margins of the suboperculum, interoperculum, post temporal, 
cleithrum lacrimal and jugal. Lacrimal deep, partly covering 
the maxilla. A small foramen in the metapterygoid, partly 
covered by a protruding metapterygoid lamina. Two caudal 
uroneurals. At least two dorsal and anal soft ray pterygio-
phores divided into three bony parts. Caudal fin emarginate, 
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with 17 principal rays. Pelvic fins inserted behind the base 
of the pectoral fins. Teeth villiform on the premaxilla, 
dentary, vomer, palatines and ectopterygoid. Tongue smooth. 
Tooth plates present on upper and lower pharyngeals. 
Branchiostegals six. Predorsal bones three. Gas bladder 
anteriorly bilobed. Vertebrae 11 + 14 = 25. Dorsal fin 
ix- x, 8 - 11. Anal fin iii, 7 - 9. Pectoral fin 12 - 16. 
Pelvic fin i, 5. Scales in the lateral line 48 - 55, above 
the lateral line 7 - 9, below the lateral line 16 - 19. 
PercaZates coZonorum (Gunther) 
Synonyms:-
Lates coZonorum Gunther, 1863 
DuZes novemacuZeatus var. alta Klunzinger, 1872 
Lates antarcticus Castelnau, 1872 
Lates victoriae Castelnau, 1872 
Lates curtus Castelnau, 1875 
Lates ramsayi Macleay, 1881 
PercaZates coZonorum Ramsay and Ogilby, 1887 
Dorsal head profile concave. Gill rakers 14 - 18. 
Scales in a transverse series from the first dorsal spine 
to the ventral surface 25 - 30. Scales predominantly ctenoid, 
moderately ciliated. An estuarine habitat. 
PercaZates novemacuZeatus (Steindachner) 
Synonyms:-
Dules novemacuZeatus Steindachner, 1866 
DuZes reinhardti Steindachner, 1867 
Lates simiZis Castelnau, 1872 
PercaZates coZonorum Ramsay and Ogilby, 1887 
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Percalates fluviatilis Stead, 1906 
Percalates colonorum var. novemaculeatus McCulloch, 1929 
Percalates colonorum novemaculeatus Whitley, 1956 
Dorsal head profile straight or slightly concave. Gill 
rakers 12 - 15. Scales in a single transverse series 25 - 30. 
Ctenoid scales strongly ciliated. An estuarine or freshwater 
habitat. 
169 
REFERENCES 
AIR, G.M., E.O.P. THOMPSON, B.J. RICHARDSON and G.B. SHARMON. 
1971. Amino acid sequences of kangaroo myoglobin and 
haemoglobin and the date of marsupial - eutherian 
divergence. Nature 229:391. 
ANDREWS, S.M., B.G. GARDINER, R.S. MILES and C. PATTERSON. 
1967. Pisces. in: The fossil record, a symposium with 
documentation. A.B. Harland et al., eds. pp. 637-683. 
London: Geol. Soc. 
ATLAS OF AUSTRALIAN RESOURCES. 1967. Surface water resources. 
2nd ed. Canberra, 26 pp. 
AVISE, J.C., and R.K. SELANDER. 1972. Evolutionary genetics 
of cave-dwelling fishes of the genus Astyanax. Evolution 
26:1,...19. 
---
, and G.B. KITTO. 1973. Gene duplication in the bony 
fishes - an evolutionary history. Biochem. Genet. 8: 
113-133. 
1974. Systematic value of electrophoretic data. 
Syst. Zool. 23:465-481. 
--~ 
and M.H. SMITH. 1974a. Biochemical genetics of sunfish. 
I. Geographic variation and subspecific intergradation in 
the bluegill (Lepomis maaroahi~us). Evolution 28:42-56. 
and 1974b. Biochemical genetics of sunfish. 
II. Genic similarity between hybridising species. Am. 
Natur. 108:458-472. 
, R.K. SELANDER, T.E. LAWLOR and P.R. RAMSEY. 
---
1974a. Biochemical polymorphism and systematics in the 
genus Peromysaus. V. Insular and mainland species of the 
subgenus HapZomyZomys. Syst. Zool. 23:226-238. 
170 
and 1974b. Biochemical polymorphism 
and systematics ln the genus Peromyscus. 
relationships in the boylii species group. 
55:751-763. 
VI. Systematic 
J. Mammal. 
AYALA, F.J., C.A. MOURAO, S. PEREZ-SALAS, R. RICHMOND and 
T. DOBZHANSKY. 1970. Enzyme variability in the 
Drosophila willistoni group. I. Genetic differentiation 
among sibling species. Proc. Nat. Acad. Sci. 67:225-232. 
1973. Two new subspecies of the Drosophila 
willistoni group (Diptera: Drosophilidae). Pan Pacific 
Ent. 49:273-279. 
_____ , M.L. TRACEY, L.G. BARR, J.F. McDONALD and 
S. PEREZ-SALAS. 1974a. Genetic variation in natural 
populations of five Drosophila species and the hypothesis 
of the selective neutrality of protein polyrnorphisrns. 
Genetics 77:343-384. 
, D. HEDGECOCK, and R.C. RICHMOND. 1974b. 
-----
Genetic differentiation during the speciation process in 
Drosophila. Evolution. 28:576-592. 
BAILEY, G.S., A.L. WILSON, J.E. HALVER and C.L. JOHNSON. 
1970. Multiple forms of supernatant malate dehydrogenase 
in salrnonid fishes. J. Biol. Chern. 245:5927-5940. 
BEGG, C.M. 1959. An introduction to genetics. The English 
Universities Press, London. 
BERRA, T.M. and A.H. WEATHERLEY. 1972. A systematic study 
of the Australian freshwater serranid fish genus 
Maccullochella. Copeia 1972, pp. 53-64. 
BLACKWELDER, R.E. 1967. Taxonomy. Wiley, New York. 
BLEEKER, N. 1876. Arch. N~erl. Sci. Nat. 11:267. 
BOULENGER, G.A. 1895. Catalogue of the fishes in the 
British Museum. 2nd edition. Brit. Mus. (Nat. Hist.), 
London. 
171 
BOYD, J.W. 1961. The intracellular distribution, latency 
and electrophoretic mobility of L-glutamate-oxaloacetate 
transaminase from rat liver. Biochem. J. 81:434. 
BREWER, G.J. 1967. Achromatic regions of tetrazolium 
stained starch gels : Inherited electrophoretic variation. 
Am. J. Hum. Genet. 19:674-680. 
1970. An introduction to isozyme techniques. 
Academic Press, New York and London. 
BRIDGE, T.W. 1896. The mesial fins of ganoids and teleosts. 
J. Linn. Soc. Lond., Zoology 25:530-602. 
CASTELNAU, F.de. 1872. Contribution to the ichthyology of 
Australia. No. 1. Proc. Roy. Zool. Acclim. Soc. Vic. 1: 
29-242. 
1873. Contribution to the ichthyology of Australia. 
No. 9. Proc. Roy. Zool. Acclim. Soc. Vic. 2:150. 
1875. Researches on the fishes of Australia. 
Official record for Victoria of the Philadelphia 
centennial exhibition of 1876. Intercolonial Exhibition 
Essays 1875-6:10. 
CAVALLI-SFORZA, L.L. and A.W.F. EDWARDS. 1967. Phylogenetic 
analysis models and estimation procedures. Evolution 
21:550-570. 
COLLESS, D.H. 1967. An examination of certain concepts in 
phenetic taxonomy. Syst. Zool. 16:6-28. 
1970. The phenogram as an estimate of phylogeny. 
Syst. Zool. 19:352-362. 
1971. "Phenetic", "Phylogenetic" and "Weighting". 
Syst. Zool. 20:73-6. 
172 
CROWSON, R.A. 1970. Classification and biology. Heinemann, 
London. 
CUVIER, G. and M. VALENCIENNES. 1829. Histoire naturelle 
des poissons. 3:58. 
and 
---
1830. Histoire naturelle des po1ssons. 
5: 377. 
DAKIN, W.J. and G.L. KESTEVIN. 1938. The Murray cod. 
N.S.W. State Fish. Res. Bull. No. 1. 
DARLINGTON, P.J. 1957. Zoogeography: the geographical 
distribution of animals. Wiley, New York. 
1965. Biogeography of the southern end of the 
world. Harvard Univ. Press, Cambridge, Massachusetts. 
1971. Modern taxonomy: reality and usefulness. 
Syst. Zool. 20:341-366. 
DAVID, T.E. 1950. The geology of the Commonwealth of 
Australia. Vol. 1. Arnold, London. 
DAYHOFF, M.O. 1972. Atlas of protein sequence and structure. 
Nat. Biomed. Res. Found., Washington, D.C. 
De BEAUFORT, L.F. 1951. Zoogeography of the land and 
inland waters. Sidgwick and Jackson Ltd., London. 
DEITZ, R.S. and J.C. HOLDEN. 1970. Reconstruction of 
Pangea: breakup and dispersion of continents, Permian to 
present. J. Geophys. Res. 75:4939-4956. 
DIXON, M. and E.C. WEBB. 1964. Enzymes. 2nd ed. Longmans. 
FRANKENBERG, R. 1974. Native freshwater fish. In: 
Biogeography and ecology in Tasmania. W.D. Williams, ed. 
Monographie Biologicae 25:113-140. 
GERY, J. 1969. The freshwater fishes of South America. In: 
Biogeography and ecology in South America. Vol. II. E.J. 
Fittkau et a1., eds. Monographie Biologicae 19:828-848. 
GEYER, H. 1968. Isozyme der malatdehydrogenase in 
tierischen und menschlichen geweben. Zeitschrift fur 
Analytische Chemie 243:578-586. 
GILL, E. 1863. Proc. Acad. Natur. Sci. Philad. 14:236. 
GOODY, P.C. 1969. The relationships of certain upper 
Cretaceous teleosts with special reference to the 
myctophoids. Bull. Br. Mus. Natur. Hist. (Geol.). 
Supp. 7:1-255. 
173 
GOSLINE, W.A. 1960. A new Hawaiian percoid fish, Suttonia 
lineata, with a discussion of its relationships and a 
definition of the family Grammistidae. Pacific Science 
14:28-38. 
1961. The perciform caudal skeleton. Copeia, 1961 
pp. 265-270. 
1966. The limits of the fish family Serranidae with 
notes on other lower percoids. Proc. Calif. Acad. Sci. 
33:91-112. 
1966a. Comments on the classification of the percoid 
fishes. Pacific Science 20:409-418. 
1968. The suborders of perciform fishes. Proc. 
U.S. Natn. Mus. 124:1-78. 
1971. Functional morphology and classification of 
teleostean fishes. Univ. Press of Hawaii, Honolulu. 
GRAYMORE, C. 1964. Possible significance of the isozymes 
of lactate dehydrogenase of the retina of the rat. 
Nature 201:615-6. 
GREENWOOD, P.H., D.E. ROSEN, S.H. WEITZMAN and G.S. MYERS. 
1966. Phyletic studies of teleostean fishes, with a 
provisional classification of living forms. Bull. Am. 
Mus. Natur. Hist. 131:339-456. 
174 
, R.S. MILES and C. PATTERSON (eds.). 1973. 
-----
Interrelationships of fishes. Suppl. No. 1, Zool. J. 
Linn. Soc., London. Vol. 53. 
GREGORY, W.K. 1933. Fish skulls: a study of the evolution 
of natural mechanisms. Trans. Am. Phil. Soc., new series 
23:75-481. 
GUNTHER, A. 1859. Catalogue of the acanthopterygian fishes 
in the collection of the British Museum. Vol. 1. Trustees 
of the British Museum: London. 
1863. On new species of fish from Victoria, south 
Austr·alia. Ann. Mag. Natur. Hist. 11:114-5. 
1871. Description of a new percoid fish from the 
Macquarie River. Proc. Zool. Soc. Lond. 1871, p. 320. 
HARDY, G.H. 1908. Mendelian proportions in mixed populations. 
Science 28:49. 
HEDERICK, P.W. 1971. A new approach to measuring genetic 
similarity. Evolution 25:276-280. 
HENNIG, W. 1966. Phylogenetic systematics. Translated by 
D.D. Davis and R. Zangerl of the University of Illinois 
Press, Urbana, Chicago. 
HUBBS, C.L. and K.F. LAGLER. 1949. Fishes of the great lakes 
reg1on. Cranbrook Inst. Sci. Bull. No. 26. Bloomfield 
Hills, Michigan. 
HUBBY, J.L. and L.H. THROCKMORTON. 1965. Protein differences 
in Dropsophila. II. Comparative species genetics and 
evolutionary problems. Genetics 52:203-215. 
and 1968. Protein differences in Drosophila. IV. 
A study of the sibling species. Amer. Natur. 102:193-205. 
HUNT, W.G. and R.K. SELANDER. 1973. Biochemical genetics of 
hybridization in European house mice. Heredity 31:11-~3. 
175 
HUNTER, R.L. and C.L. MARKERT. 1957. Histochemical 
demonstration of enzymes separated by zone electrophoresis 
in starch gels. Science 125:1294-5. 
JOHNSON, A.G., F.M. UTTER and H.O. HODGINS. 1973. Estimates 
of genetic polymorphism and heterozygosity in three 
species of the rockfish (genus Sebastes). Comp. Biochem. 
Physiol. 44B:397-406. 
JOHNSON, F.M., C.G. KANAPI, R.H. RICHARDSON, M.R. WHEELER 
and W.S. STONE. 1966. An operational classification of 
Drosophila esterases for species comparison. Studies in 
Genetics, III. Univ. Texas Publ. 6615:517-532. 
JOHNSON, W.E. and R.K. SELANDER. 1971. Protein variation 
and systematics in kangaroo rats (genus Dipodomys). 
Syst. Zool. 20:377-405. 
JORDAN, D.S. and C.M. EIGENMANN. 1890. A review of the 
genera and species of Serranidae found in the waters of 
America and Europe. Bull. U.S. Fish Comm. 8:329-441. 
KATAYAMA, M. 1959. Studies on the serranid fishes of 
Japan (1). Bulletin of the Faculty of Education, 
Yamaguchi Univ. 8(2):103-180. 
1960. Fauna Japonica. Serranidae (Pisces). Tokyo 
New Service Ltd., Tokyo. 
KIMURA, M. 1969. The rate of molecular evolution considered 
from the standpoint of population genetics. Proc. Natn. 
Acad. Sci. 63:1181-8. 
KING, J.L. 1973. The probability of electrophoretic identity 
of proteins as a function of amino-acid divergence. 
J. Molec. Evol. 2:317-322. 
KITTO, G.B. and A.C. WILSON. 1966. Evolution of malate 
dehydrogenase in birds. Science 153:1408-1410. 
176 
KLUNZINGER, C.B. 1872. Zur firschfauna von Sud-Australien. 
Arch. Naturgesch. 38:17-47. 
KOHN, J. 1957. A cellulose acetate supporting medium for 
zone electrophoresis. Clin. Chim. Acta 2:297-303. 
1960. Cellulose acetate elctrophoresis and 
immunodiffusion techniques. Vol. 2. I. Smith, ed. 
Interscience, New York. 
KREFFT, G. 1867. Descriptions of some new Australian 
freshwater fishes. Proc. Zool. Soc. Lond. 1867, p. 943. 
LAKE, J.S. 1967. Freshwater fish of the Murray-Darling 
river system. Chief Secretary's Dept., N.S.W State 
Fish. Res. Bull. No. 7. 
1967a. Rearing experiments with five species of 
Australian freshwater fishes I. Inducement to spawning. 
Aust. J. Mar. Freshwat. Res. 18(2):137-153. 
1967b. Principal fishes of the Murray-Darling 
river system. In: Australian inalnd waters and their 
fauna: Eleven studies. A.H. Weatherley, ed. pp. 192-213. 
Aust. Natn. Univ. Press, Canberra. 
1971. Freshwater fishes and rivers of Australia. 
Nelson, Sydney. 
LAKOVAARA, S., A. SAURA and C.T. FALK. 1972. Genetic 
distance and evolutionary relationships in the Drosophila 
obscura group. Evolution 26:177-184. 
LASERON, C. 1969. Ancient Australia. Angus and Robertson. 
LESSON, M.R. 1825. Annales des Sciences Naturalles 6:253. 
Paris. 
1831. Voyage Coquille, Zool. 2:227. 
LEWIS, W.H. and H. HARRIS. 1967. Human red cell peptidases. 
Nature 215:351-5. 
177 
LLEWELLYN, L.C. 1968. Adaptations of Madigania unicoZor 
(spangled perch) to temporary waters. Aust. Soc. Limnol. 
Newsletter 6(1):6-7. 
LODGE, 0. 1886. Brit. Assoc. Advancement Sci. Rept., 56th 
Meeting. p. 389. 
MACLEAY, W. 1881. Descriptive catalogue of the fishes of 
Australia. Proc. Linn. Soc. N.S.W. 5(3):302-344. 
1885. New fishes from the upper Murrumbidgee. 
Proc. Linn. Soc. N.S.W. 10(2):267-8. 
MAHONEY, R. 1966. Laboratory techniques ln zoology. 
Butterworths, London. 
MAYR, E. 1963. Animal species and evolution. Harvard 
Univ. Press, Cambridge, Massachusetts. 
1969. Principles of systematic zoology. McGraw-
Hill, New York. 
McCULLOCH, A.R. 1929. A checklist of the fishes recorded 
from Australia. Mem. Aust. Mus. No. 5. 
McKEOWN, K.C. 1934. Notes on the food of trout and 
Macquarie perch in Australia. Rec. Aust. Mus. 19(2): 
141-152. 
MITCHELL, T.L. 1838. Three expeditions into the interior 
of eastern Australia. 1st ed. Vol. 1, p. 33. 2nd ed. 
(1839) Vol. 1, p. 95. 
MUNRO, I.S. 1961. Handbook of Australian fishes. No. 38. 
Fish. Newsl. No. 20(4). 
MYERS, G.S. 1947-9. The Amazon and its fishes. Aquarium 
J. March, 1947 to March,l949 (in five parts). 56pp. 
NAIR, Q.S., D. BRNCIC and K. KOJIMA. 1971. Isozyme 
variations and evolutionary relationships in the 
mesophragmatica group of Drosophila. Studies in Genetics 
IV. Univ. Texas Publ. 7103:49-90. 
NEI, M. and R. CHAKRABORTY. 1973. Phenetic distance and 
electrophoretic identity of proteins between taxa. J. 
Molec. Evol. 2:323-8. 
NORMAN, J.R. 1957. A draft synopsis of the orders, 
families and genera of recent fishes and fish-like 
vertebrates. London, Br. Mus. (Natur. Hist.) 649 pp. 
(photoduplicated manuscript). 
OGILBY, J.D. 1920. Edible fishes of Queensland. Part XV. 
Serranidae. Mem. Qld. Mus. 7:1-30. 
OPHER, A.W., C.S. COLLIER and J.M. MILLER. 1966. A rapid 
electrophoretic method for the determination of the 
isoenzymes of serum lactate dehydrogenase. Clin. Chern. 
12:308-313. 
PATTERSON, C. 1968. The caudal skeleton in mesozoic 
acanthopterygian fishes. Bull. Br. Mus. Natur. Hist., 
Geol. 17:49-102. 
PETERSON, W.D., C.S. STULBERG, N.K. SWANBORG and A.R. 
178 
ROBINSON. 1968. Glucose-6-phosphate dehydrogenase 
isoenzymes in human cell cultures determined by sucrose-
agar gel and cellulose acetate zymograms. Proc. Soc. 
Exp. Biol. Med. 128:772. 
PRESTON, J.A., R.O. BRIERE and J.G. BATSAKIS. 1965. Rapid 
separation of lactate dehydrogenase isoenzymes on 
cellulose acetate. Am. J. Clin. Pathol. 43:256-260. 
RAMSAY, E.P. and J.D. OGILBY. 1887. Notes on the genera of 
Australian fishes. Part 1. Proc. Linn. Soc. N.S.W. 1887, 
2(2), pp. 181-4. 
RAPLEY, S., W.H. LEWIS and H. HARRIS. 1971. Tissue 
distributions, substrate specificities and molecular sizes 
of human peptidases determined by separate gene loci. 
Ann. Hum. Genet., Lond. 34:307-320. 
179 
RATTAZZI, M.G., L.F. BERNINI, G. FIORELLI and P.M. MANNUCCI. 
1967. Electrophoresis of glucose-6-phosphate dehydrogenase: 
A new technique. Nature 213:79. 
RICHARDSON, B.J., P.G. JOHNSTON, P. CLARK and G.B. SHARMAN. 
1973. An evaluation of electrophoresis as a taxonomic 
method using comparative data from the Macropodidae 
(Marsupialia). Biochem. Syst. 1:203-9. 
and G.B. SHARMON. 1976. Biochemical and morphological 
observations on the wallaroos (Macropodidae: Marsupialia) 
with a suggested new taxonomy. J. Zool., Lond. 179 (in 
press). 
RICHARDSON, M. 1845. 
Erebus and Terror. 
Zoology of the voyage of the H.M.S. 
Fish. 1845, p. 25. 
ROGERS, J.S. 1972. Measures of genetic similarity and 
genetic distance. Univ. Texas Publ. 7213:145-153. 
ROSALSKI, S.B. 1965. Creatine phosphokinase isoenzymes. 
Nature 207:414. 
ROSEN, D.E. 1964. The relationships and taxonomic position 
of the halfbeaks, killifishes, silversides and their 
relatives. Bull. Br. Mus. Natur. Hist. 127:217-268. 
1973. Interrelationships of higher euteleostean 
fishes. In: Interrelationships of fishes. P.H. Greenwood 
et al., eds. Suppl. No. 1, Zool. J. Linn. Soc., Lond. 
53:397-513. 
and C. PATTERSON. 1969. The structure and relation-
ships of the paracanthopterygian fishes. Bull. Am. Mus. 
Natur. Hist. 141:357-474. 
ROUGHLEY, T.C. 1951. Fish and fisheries of Australia. 
Angus and Robertson, Sydney. 
RUDDLE, F.H., T.B. SHOWS and T.H. RODERICK. 1968. 
Autosomal control of an electrophoretic variant of 
glucose-6-phosphate dehydrogenase in the mouse (Mus 
musculus). Genetics 58:599-606. 
SCOTT, T.D. 1962. The marine and freshwater fishes of 
South Australia. Govt. Print., Adelaide. 
180 
SELANDER, R.K., M.H. SMITH, S.Y. YANG, W.E. JOHNSON and J.B. 
GENTRY. 1971. Biochemical polymorphism and systematics 
in the genus Peromysaus. I. Variation in the old field 
mouse (Peromysaus poZionotus). Studies in Genetics VI. 
Univ. Texas Publ. 7103:49-90. 
and W.E. JOHNSON. 1973. Genetic variation among 
vertebrate species. Ann. Rev. Ecol. Syst. 4:75-91. 
, M.H. SMITH and W.E. JOHNSON. 1974. Biochemical 
---
polymorphism and systematics in the genus Peromysaus. 
II. Genic heterozygosity and genetic similarity among 
populations of the old field mouse (Peromysaus poZionotus). 
In preparation. 
SHAW, C.R. and E. BARTO. 1963. Genetic evidence for the 
subunit structure of lactate dehydrogenase isozymes. 
Proc. Natn. Acad. Sci. U.S. 50:211-4. 
1970. How many genes evolve? Biochem. Genet. 4: 
275-283. 
and R. PRASAD. 1970. Starch gel electrophoresis of 
enzymes - a compilation of recipes. Biochem. Genet. 4: 
297-320. 
SIMPSON, G.G. 1961. Principles of animal taxonomy. 
Columbia Univ. Press, New York. 
1964. Organisms and molecules in evolution. 
Science 146:1535. 
SMITH, A.G. and A. HALLAM. 1970. The fit of the southern 
continents. Nature 225:139. 
SMITH, C.L. 1965. The patterns of sexuality and the 
classification of serranid fishes. 
181 
SMITH, M.H., R.K. SELANDER, W.E. JOHNSON and Y.J. KIM. 1973. 
Biochemical polymorphism and systematics in the genus 
PePomyscus. III. Variation in the Florida deer mouse 
(Peromyscus floPidanus), a Pleistocene relict. J. Mammal. 
54:1-13. 
, and 
---
1974. Biochemical polymorphism 
and systematics in the genus Peromyscus. IV. Evolutionary 
genetics of the sibling species P. Zeucopus and P. 
gossypinus. In preparation. 
SMITHIES, 0. 1955. Zone electrophoresis ln starch gels: 
group variations in the serum proteins of normal human 
adults. Biochem. J. 61:629-641. 
SNEATH, P.H. and R.R. SOKAL. 1973. Numerical taxonomy: 
the principle and practice of numerical classification. 
Freeman, San Francisco. 
SOKAL, R.R. and P.H. SNEATH. 1963. · Principles of numerical 
taxonomy. Freeman, San Francisco. 
and F.J. ROHLF. 1969. Biometry- the principles and 
practice of statistics in biological research. Freeman, 
San Francisco. 
SORBINI FRIGO, M. and L. SORBINI. 1971. Revisione del 
genere fossile CycZopoma Agassiz e suoi rapporti con 
l'attuale genere PercaZates Ramsay e Ogilby. (Pisces). 
In: Studi e ricerche sui giacimenti Terziari di Bolca. 
Vol. II. Museo Civico di Storia Naturale di Verona. 
SOULE, M. 1971. The variation problem: the gene flow -
variation hypothesis. Taxon 20(1):37-50. 
182 
SPROLL, W.P. and F.S. DIETZ. 1969. Morphological continental 
drift fit of Australia and Antartica. Nature 222:345-8. 
STEAD, D.G. 1906. Fishes of Australia. Brooks, Sydney. 
STEINDACHNER, F. 1866. Zur fischfauna von Port Jackson ln 
Australien. Ster. Akad. Wiss. Wien 53:428-481. 
1867. Ictthyologische notizen (vi). II. Zur fisch-
fauna von Port Jackson. Sber. Akad. Wiss. Wien 56:320-376. 
THORNBER, E.J., I.T. OLIVER and P.B. SCUTT. 1968. 
Comparative electrophoretic patterns of dehydrogenases 
in different species. Comp. Biochem. Physiol. 25:973-987. 
TISELIUS, A. 1937. Trans. Faraday Soc. 33:524. 
TURNER, B.J. 1973. Genetic divergence of Death Valley 
pupfish populations: Species-specific esterases. Comp. 
Biochem. Physiol. 46B:57-70. 
1974. Genetic divergence of Death Valley pupfish 
species: Biochemical verses morphological evidence. 
Evolution 28:281-294. 
UTTER, F.M., F.W. ALLENDORF and H.O. HODGINS. 1973. Genetic 
variability and relationships in Pacific salmon and 
related trout, based on protein variations. Syst. Zool. 
22:257-270. 
, H.O. HODGINS and F.W. ALLENDORF. 1974. Biochemical 
-----
genetic studie3 of fishes: potentialities and limitations. 
In: Biochemical and biophysical perspectives in marine 
biology. D.C. Malins and J.R. Sargent, eds. Academic 
Press, London. 
WEBSTER, T.P., R.K. SELANDER and S.Y. YANG. 1972. Genetic 
variability and similarity in the AnoZis lizards of 
Bimini. Evolution 26:523-535. 
WEISSEL, J.K. and D.E. HAYES. 1971. Asymmetric seafloor 
spreading south of Australia. Nature 231:518-521. 
WHITELY, G.P. 1929. Studies in ichthyology. No. 3. Rec. 
Aust. Mus. 17:101-143. 
1951. New fish names and records. Proc. R. Zool. 
Soc. N.S.W. 1949-1950, pp. 61-8. 
1959. The freshwater fishes of Australia. In: 
183 
Biogeography and ecology in Australia. A. Keast et al., 
eds. Monographie Biologicae Vol. 8. 
1960. Native freshwater fishes of Australia. 
Jaclaranda Press, Brisbane. 
WHITT, G.S. 1970. Developmental genetics of the lactate 
dehydrogenase isozymes of fish. J. Exp. Zool. 175:1-36. 
and F.S. MAEDA. 1970. Lactate dehydrogenase gene 
function in the blind cave fish (Anoptichthys jordani) 
and other characins. Biochem. Genet. 4:27-41. 
WILLIAMS, N.J. 1970. A comparison of the two species of 
the genus PeraaZates Ramsay and Ogilby (Percomorphi: 
Macquariidae), and their taxonomy. Chief Secretary's 
Dept., N.S.W. State Fish. Res. Bull. No. 11. 
1971. PeraaZates distribution corrected. Aust. 
Fish. August 1971, p. 28. 
WRIGHT, S. 1940. The statistical consequences of mendelian 
heredity in relation to speciation. In: The new 
systematics. J. Huxley, ed. pp. 161-183. Oxford Univ. 
Press. 
ZUCKERANDL, E. and L. PAULING. 1965. Evolutionary divergence 
and convergence in proteins. In: Evolving genes and 
proteins. V. Bryson and H.J. Vogel, eds. pp. 97-166. 
Academic Press, New York. 
184 
185 
Appendix 1 
The following tables are statistical analyses of the 
morphometric and meristic characters measured in PZeatPoplites 
ambiguus and MaaquaPia austPalasiaa specimens. For each 
p 
•p~ulation sampled there is a table containing the sample 
size (N), mean, variance (V), range, standard deviation 
(S.D.), standard error (S.E.) and coefficient of variation 
(C. of V.) of every character examined. Two additional 
tables show t-test values and degrees of freedom (d.f.) for 
comparisons of each character in all possible pairings of 
conspecific PleatPoplites ambiguus and MaaquaPia austPalasica 
populations. 
PZectroplites ambiguus - Wilson river 
Character N Mean v Range 
347.00-249.00 
S.D. S.E. C. of 1/. 
Standard Length imm.) 36 288.11 
Body Depth 
Pednncle Deptl1 
Pednncle Lengtll 
Predorsal Length 
Dorsal Base 
Anal Base 
Pectoral Fin Length 
Pelvic Fin Length 
Longest Dorsal Spine 
Head Length 
Head Length (rom.) 
Snout Length 
Postorbital Head 
Length 
Orbit Length 
Upper Jaw Length 
Mandible Length 
Interorbital Width 
Internare Width 
COunts 
Dorsal Spines 
Dorsal Rays 
Anal Spines 
Anal Rays 
Pelvic Spines 
Pelvic Rays 
Pectoral Rays 
scales in LL 
scales Above LL 
Scales Below LL 
Gill Rakers 
Brachiostegals 
Pre caudal Vert. 
Caudal Vert. 
Total Vert. 
Caudal Rays 
36 36.26 2.831 39.82- 33.07 1.68 0.28 
36 13.60 0.502 15.00- 12.13 0.71 0.12 
36 22.77 1.110 25.08- 21.01 1.05 0.18 
36 41.53 1.950 44.40- 39.18 1.40 0.23 
35 42.25 1.980 44.69- 38.08 1.41 0.24 
36 15.26 0.251 16.28- 14.40 0.50 0.08 
36 19.98 1.016 21.60- 17.31 1.01 0.17 
36 22.79 4.601 26.35- 17.28 2.15 0.36 
36 12.01 0.570 13.53- 10.26 0.76 0.13 
36 35.00 1.218 37.82- 32.68 1.10 0.18 
37 100.57 120.00- 89.00 
37 
37 
37 
37 
37 
37 
37 
78 
78 
78 
78 
78 
78 
66 
74 
65 
69 
77 
78 
25.85 0.456 
59.14 1.266 
12.18 0.446 
38.11 1. 811 
52.18 2.156 
22.22 0.594 
19.28 0. 364 
9. 89 0.129 
12.08 0.124 
3.00 0.000 
9.01 0.091 
27.62- 24.47 0.68 0.11 
61.34- 57.29 1.13 0.19 
13.40- 10.68 0.67 0.11 
41.57- 35.59 1.35 0.22 
55.06- 48.67 1.47 0.24 
23.89- 20.42 0.77 0.13 
20.45- 18.13 0.60 0.10 
11.00- 9.00 0.36 0.04 
13.00- 11.00 0.35 0.04 
3.00 0.00 0.00 
10.00- 8.00 0.30 0.03 
1.00 0.000 1.00 0.00 0.00 
5.00 0.000 5.00 0.00 o.oo 
16.62 0.516 18.00- 15.00 0.72 0.09 
57.14 5.379 62.00- 50.00 2.32 0.27 
16.54 0.627 19.00- 15.00 0.79 0.10 
35.25 3.247 40.00- 32.00 1.80 0.22 
20.86 0.808 23.00- 19.00 0.90 0.10 
7.01 0.013 8.00- 7.00 0.11 0.01 
78 10.01 0.013 11.00- 10.00 0.11 0.01 
78 15.97 0.025 16.00- 15.00 0.16 0.02 
78 25.99 0.013 26.00- 25.00 0.11 0.01 
77 16.97 0.052 18.00- 16.00 0.23 0.03 
4.64 
5.21 
4.63 
3.36 
3.33 
3.28 
5.04 
9.41 
6.29 
3.15 
2.61 
1.90 
5.483 
3. 53 
2.81 
3.47 
3. 13 
3.639 
2.914 
0.00 
3.34 
0,00 
0.00 
4.32 
4.06 
4.79 
5.11 
4' 31 
l. 62 
1.13 
1.00 
0.436 
l. 34 
Pleotroplites ambiguus - Bulloo river 
Character N Mean v Range S.D. S.E. C. of V. 
Standard Length (mm.) 24 302.08 351.00-256.00 
Body Depth 
Peduncle Depth 
Peduncle Length 
Predorsal Length 
Dorsal Base 
Anal Base 
Pectoral Fin Length 
Pelvic Fin Length 
24 36.60 2.631 41.75- 34.59 1.62 0.33 
24 13.87 0.321 14.89- 12.67 0.57 0.12 
24 23.11 0.274 24.14- 22.12 0.52 0.11 
24 41.69 1.264 44.34- 39.69 1.12 0.23 
24 43.09 1.982 45.67- 40.47 1.41 0.29 
24 16.01 0.626 17.61- 15.00 0.79 0.16 
24 19.81 0.764 21.79- 18.35 0.87 0.18 
24 20.73 4.650 25.25- 16.92 2.16 0.44 
Longest Dorsal Spine 24 12.29 0.604 13.79- 11.04 0.78 0.16 
Head Length 
Head Length (mm.) 
Snout Length 
Postorbital Head 
Length 
Orbit Length 
Upper Jaw Length 
Mandible Length 
Interorbital Width 
Internare Width 
Counts 
Dorsal Spines 
Dorsal Rays 
Anal Spines 
Anal Rays 
Pelvic Spinef? 
Pelvic Rays 
Pectoral Rays 
Scales in LL 
Scales Above LL 
Scales Below LL 
Gill Rakers 
Brachiostegals 
Precaudal Vert. 
Caudal Vert. 
Total Vert. 
Caudal Rays 
24 35.39 1.097 
24 105.42 
37.54- 33.23 1.05 0.21 
121.00- 91.00 
24 26.97 0.618 28.83- 25.69 0.79 0.16 
24 58.54 1.701 62.04- 56.31 1.30 0.27 
24 
24 
11.98 0. 387 
37.82 0. 896 
13.30- 10.87 0.62 0.13 
39.09- 35.64 0.95 0.19 
24 51.18 2.304 53.72- 46.53 1.52 0.31 
24 23.35 1.507 25.42- 20.91 1.23 0.25 
24 19.66 0.542 20.78- 18.69 0.74 0.15 
33 9.73 0.267 10.00- 8.00 0.52 0.09 
33 12.09 0.273 13.00- 11.00 0.52 0.09 
33 
33 
33 
33 
32 
32 
3.00 0.000 3.00 0.00 0.00 
8.91 0.210 10.00- 8.00 0.46 0.08 
1.00 0.000 1.~0 o.oo 0.00 
5.00 0.000 5.00 o.oo 0.00 
16.53 0.451 17.00- 15.00 0.67 0.12 
57.09 4.668 61.00- 52.00 2.16 0.38 
33 16.18 0.653 18.00- 15.00 0.81 0.14 
37.00- 29.00 2.03 0.35 33 32.85 4.133 
33 21.64 0.864 24.00- 20.00 0.93 0.16 
33 
34 
7. 03 0.030 
10.00 0.000 
8.00- 7.00 0.17 0.03 
10.00 o.oo 0.00 
34 15.97 0.029 16.00- 15.00 0.17 0.03 
34 25.97 0.029 26.00- 25.00 0.17 0.03 
33 16.97 0.093 18.00- 16.00 0.31 0.05 
4.43 
4.08 
2.27 
2. 70 
3.27 
4.94 
4.41 
10.40 
6.33 
2.96 
2.92 
2.23 
5.192 
2.50 
2.97 
5.26 
3.75 
5.31 
4.32 
o.oo 
5.15 
0.00 
o.oo 
4.06 
3.78 
5.00 
6.19 
4. 30 
2.48 
0.00 
1.07 
0.66 
1.80 
PZectPopZites ambiguus - Darling river 
Character N Mean v Range S.D. S.E. C. of V. 
Standard Length (mm.) 35 284.03 314.00-249.00 
Body Depth 
Peduncle Depth 
Peduncle Length 
Predorsal Length 
Dorsal Base 
Anal Base 
Pectoral Fin Length 
Pelvic Fin Length 
Longest Dorsal Spine 
Head Length 
Head Length (mm.) 
Snout Length 
Postorbital Head 
Length 
Orbit Length 
Upper Jaw Length 
Mandible Length 
Interorbital Width 
Intemare Width 
Counts 
Dorsal Spines 
Dorsal Rays 
Anal Spines 
Anal Rays 
Pelvic Spines 
Pelvic Rays 
Pectoral Rays 
Scales in LL 
Scales Above LL 
Scales Below LL 
Gill Rakers 
Brachiostegals 
Precaudal Vert. 
Caudal Vert. 
Total Vert. 
Caudal Rays 
35 
35 
35 
36.98 3.170 
13.64 0.885 
39.80- 32.16 1.78 0.30 
15.02- 11.03 0.94 0.16 
24.58 0.774 26.42- 22.30 0.88 0.15 
35 42.67 1.165 45.86- 40.57 1.08 0.18 
35 41.99 1.455 43.79- 37.62 1.21 0.21 
35 
35 
16.12 0.304 17.36- 15.00 0.55 0.09 
19.66 1.259 21.45- 17.82 1.12 0.19 
4. 82 
6.90 
3.58 
2.53 
2.87 
3.42 
5.71 
35 21.34 4.883 25.98- 18.57 2.21 0.37 10.36 
35 14.25 0.703 16.01- 12.42 0.84 0.14 5.89 
35 35.12 0.756 36.36- 31.80 0.87 0.15 2.48 
35 99.74 110.00- 89.00 
35 27.24 1.179 28.89- 25.00 1.09 0.18 
35 56.99 2.319 59.22- 50.51 1.52 0.26 
35 
35 
35 
35 
35 
52 
52 
52 
52 
52 
52 
49 
51 
49 
50 
13.75 0.272 
36.78 2.261 
14.89- 12.64 0.52 0.09 
38.89- 31.82 1.50 0.26 
48.43 3.465 52.22- 42.26 1.86 0.32 
23.92 1.471 27.78- 21.90 1.21 0.21 
19.90 0.779 21.44- 17.65 0.88 0.15 
9.92 0.072 10.00- 9.00 0.27 0.04 
11.79 0.209 13.00- 11.00 0.46 0.06 
3.00 0.000 3.00 o.oo 0.00 
8.98 0.098 10.00- 8.00 0.31 0.04 
1.00 0.000 1.00 0.00 0.00 
5.00 0.000 5.00 0.00 0.00 
16.20 0.416 18.00- 15.00 0.65 0.09 
58.88 2.746 64.00- 55.00 1.657 0.23 
16.16 0.556 
30.80 2. 735 
52 20.94 0.565 
18.00- 15.00 0.75 0.11 
35.00- 26.00 1.65 0.23 
23.00- 20.00 0.75 0.10 
52 
45 
45 
45 
46 
7.00 0.000 7.00 0.00 o.oo 
9.96 0.043 10.00- 9.00 0.21 0.03 
16.04 0.043 17.00- 16.00 0.21 0.03 
26.00 0.000 26.00 0.00 o.oo 
17.00 0.044 18.00- 16.00 0.21 0.03 
3.99 
2.67 
3.79 
4.22 
3.84 
5,07 
4.44 
2. 71 
3,88 
0.00 
3.48 
0.00 
0.00 
3.98 
2.81 
4.61 
5.37 
3.59 
0.00 
2.09 
1. 30 
o.oo 
1.24 
PZeatropZites ambiguus - Lachlan river 
Character N Mean v Range S.D. S.E. C. of V. 
Standard Length (mm.) 20 299.00 344.00-257.00 
Body Depth 
Peduncle Depth 
Peduncle Length 
Predorsal Length 
Dorsal Base 
Anal Base 
Pectoral Fin Length 
Pelvic Fin Length 
20 36.25 1.590 39.09- 34.69 1.26 0.28 
20 13.10 0.269 13.85- 11.90 0.52 0.12 
20 24.07 1.203 25.68- 21.56 1.10 0.25 
20 41.63 4.751 45.26- 35.71 2.18 0.49 
19 43.32 3.585 47.45- 39.69 1.89 0.43 
20 17.06 0.510 17.91- 15.64 0.71 0.16 
20 19.46 1.159 21~17- 17.44 1.08 0.24 
20 22.43 3.643 25.09- 17.18 1.91 0.43 
3.49 
3.96 
4.56 
5.24 
4.37 
4.19 
5.53 
8.51 
~ngest Dorsal Spine 20 13.73 0.693 15.12- 12.57 0.83 0.19 6.06 
Head Length 
Head Length (lllll.) 
snout Length 
Postorbital Head 
Length 
Orbit Length 
Upper Jaw Length 
Mandible Length 
Interorbital Width 
Internare Width 
Counts 
Dorsal Spines 
Dorsal Rays 
Anal Spines 
Anal Rays 
Pelvic Spines 
Pelvic Rays 
Pectoral Rays 
Scales in LL 
Scales Above LL 
Scales Below LL 
Gill Rakers 
Brachiostegals 
Precaudal Vert. 
Caudal Vert. 
Total Vert. 
Caudal Rays 
20 35.37 2.068 37.79- 31.34 1.44 0.32 
20 105.70 122.00- 88.00 
20 27.03 1.310 28.71- 24.55 1.14 0.26 
20 56.79 4.590 63.81- 53.46 2.14. 0.48 
20 14.00 0.555 15.43- 11.89 0.75 0.17 
20 34.23 1.781 36.19- 32.04 1.34 0.30 
20 48. 34 1. 848 so. so- 45. 36 1. 36 o. 30 
20 23.44 1.630 25.77- 21.43 1.28 0.29 
20 19.10 0.607 20.65- 18.10 0.78 0.17 
23 9.91 0.083 10.00- 9.00 0.29 0.06 
22 11.64 0.242 12.00- 11.00 0.49 O.ll 
23 
23 
23 
23 
3.00 0.000 
8.61 0.249 
1.00 0.000 
5.00 0.000 
3.00 o.oo 0.00 
9.00- 8.00 0.50 0.10 
1.00 0.00 0.00 
5.00 0.00 o.oo 
23 16.13 0.391 17.00- 15.00 0.63 0.13 
23 59.57 2.075 62.00- 57.00 1.44 0.30 
23 15.83 0.332 17.00- 15.00 0.58 0.12 
23 30.39 2.340 35.00- 29.00 1.53 0.32 
23 20.35 1.146 22.00- 18.00 1.07 0.22 
23 7.00 0.000 7.00 
21 10.00 0.000 10.00 
0.00 0.00 
0.00 0.00 
21 15.91 0.090 16.00- 15.00 0.30 0.07 
21 25.91 0.90 26.00- 25.00 0.30 0.07 
19 16.95 0.164 18.00- 16.00 0.41 0.09 
4.07 
4.23 
3. 77. 
5. 32 
3.90 
2.81 
5.45 
4.08 
2.91 
4.23 
o.oo 
5.80 
o.oo 
0.00 
3.88 
2.42 
3.64 
5.03 
5.26 
0.00 
0.00 
1. 89 
1.16 
2.39 
Plectroplites ambiguus - Bland creek 
Character N Mean v Range S.D. S.E. C. of V. 
Standard Length (mm.) 45 290.38 348.00-266.00 
Body Depth 
Peduncle Depth 
Peduncle Length 
Predorsal Length 
Dorsal Base 
Anal Base 
Pectoral Fin Length 
Pelvic Fin Length 
45 37.08 2.351 40.74- 34.02 1.53 0.23 
45 13.32 0.271 14.39- 12.50 0.52 0.08 
45 23.94 1.434 26.64- 20.50 1.20 0.18 
45 42.02 2.537 46.67- 39.36 1.59 0.24 
45 43.16 1.966 46.67- 40.79 1.40 0.21 
44 
45 
45 
Longest Dorsal Spine 45 
16.47 0.675 
20.24 0.814 
23.60 2. 345 
14.40 0.508 
18.03- 14.44 0.82 0.12 
22.68- 18.63 0.90 0.14 
27.51- 20.00 1.53 0.23 
16.36- 12.64 0.71 0.11 
Head Length 
Head Length (:mm.) 
Snout Length 
Postorbital Head 
Length 
Orbit Length 
Upper Jaw Length 
Mandible Length 
Interorbital Width 
Internare Width 
Counts 
Dorsal Spines 
Dorsal Rays 
Anal Spines 
Anal Rays 
Pelvic Spines 
Pelvic Rays 
Pectoral Rays 
Scales in LL 
Scales Above LL 
Scales Below LL 
Gill Rakers 
Brachiostegals 
Precaudal Vert. 
Caudal Vert. 
Total Vert. 
Caudal Rays 
45 35.18 4.119 40.52- 26.26 2.03 0.30 
45 102.69 118.00- 93.00 
44 26.70 0.800 28.85- 25.00 0.89 0.14 
44 58.23 2.093 62.00- 54.87 1.45 0.22 
44 
45 
45 
44 
44 
12.70 0.310 13.87- 11.61 0.58 0.08 
33.80 1. 748 
46.10 3.040 
35.79- 28.70 1.32 0.20 
49.04- 39.25 1.74 0.26 
23.02 0.731 25.00- 21.00 0.86 0.13 
45 
45 
44 
44 
45 
45 
45 
19.37 0.575 
9.89 0.101 
11.87 0.255 
3.00 0.000 
8.71 0.306 
1.00 0.000 
5.00 0.000 
15.93 0.200 
21.00- 18.00 0.76 0.11 
10.00- 9.00 0.32 0.05 
13.00- 11.00 0.51 0.08 
3.00 o.oo 0.00 
10.00- 7.00 0.55 0.08 
1.00 
5.00 
o.oo o.oo 
0.00 0.00 
17.00- 15.00 0.45 0.07 
45 60.07 2.564 64.00- 56.00 1.60 0.24 
45 
45 
45 
45 
16.27 0.564 
31.16 1. 680 
20.29 o. 392 
7.00 0.000 
44 10.00 0.000 
43 15.91 0.086 
17.00- 15.00 0.75 0.11 
34.00- 28.00 1.30 0.19 
21.00- 19.00 0.63 0.09 
7.00 0.00 0.00 
10.00 0.00 0.00 
16.00- 15.00 0.29 0.05 
43 25.91 0.086 26.00- 25.00 0.29 0.05 
45 16.78 0.177 17.00- 16.00 0.42 0.06 
4.13 
3.91 
5.00 
3.79 
3.25 
4.99 
4.46 
6.49 
4.95 
5. 77 
3.35 
2.49 
4. 39 
3. 91 
3.78 
3. 71 
3.91 
3. 21 
4.25 
0.00 
6.36 
0.00 
0.00 
2.81 
2.67 
4.62 
4.16 
3.09 
0.00 
0.00 
1.85 
1.13 
2.51 
Maaquaria australasica - Kangaroo/Shoalhaven river 
Character N Mean v Range S.D. S.E. C. of V. 
Standard Length (mm.) 15 179.33 203.00-165.00 
Body Depth 
Peduncle Depth 
Peduncle Length 
Predorsal Length 
Dorsal Base 
Anal Base 
Pectoral Fin Length 
Pelvic Fin Length 
Longest Dorsal Spine 
Head Length 
Head Length (mm.) 
Snout Length 
Postot.bital Head 
Ot.bi t Length 
Upper Jaw Length 
Mandible Length 
Interot.bital Width 
Internare Width 
Counts 
Dorsal Spines 
Dorsal Rays 
Anal Spines 
Anal Rays 
Pelvic Spines 
Pelvic Rays 
Pectoral Rays 
Scales in LL 
Scales Above LL 
Scales Below LL 
Gill Rakers 
Brachiostegals 
Precaudal Vert. 
Caudal Vert. 
Total Vert. 
Caudal Rays 
15 
15 
38.39 1.662 40.61- 36.78 1.27 0.33 
14.98 0.225 15.79- 14.29 0.47 0.12 
15 23.05 0.938 24.44- 21.39 0.97 0.25 
15 42.85 1.531 45.09- 40.61 1.24 0.32 
15 
15 
15 
15 
15 
15 
15 
15 
15 
43.72 2.696 
18.28 0.668 
23.23 o. 755 
25.32 2.266 
14.74 0.491 
36.09 1.567 
64.57 
45.99- 42.24 1.64 0.42 
19.58- 16.97 0.82 0.21 
24.73- 21.62 0.87 0.22 
28.02- 22.87 1.51 0.39 
16.36- 13.30 0.70 0.18 
38.79- 33.52 1.25 0.32 
73.00- 58.00 
33.71 1.589 36.51- 31.80 1.26 0.33 
49.45 3.403 52.38- 46.55 1.85 0.48 
15 20.14 0.918 21.50- 18.64 0.96 0.25 
15 32.14 1.569 34.92- 30.45 1.25 0.32 
15 37.55 1.843 39.68- 34.78 1.36 0.35 
15 31.43 1.925 33.44- 29.19 1.39 0.36 
15 26.54 2.498 28.94- 24.19 1.58 0.41 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
14 
10.07 0.210 
12.20 0.314 
3.00 0.000 
10.07 0.352 
1.00 o.ooo 
5.00 o.ooo 
15.53 0.552 
45.60 5.543 
9.60 0.543 
19.53 0.695 
18.13 0.552 
7.00 0.000 
11.21 0.181 
11.00- 9.00 0.46 0.12 
13.00- 11.00 0.56 0.15 
3.00 o.oo o.oo 
11.00- 9.00 0.59 0.15 
1.00 
5.00 
0.00 
o.oo 
17.00- 14.00 0.74 
51.00- 42.00 2.35 
o.oo 
o.oo 
0.19 
0.61 
11.00- 9.00 0.74 0.19 
22.00- 19.00 0.83 0.22 
19.00- 17.00 0.74 0.19 
7.00 0.00 0.00 
12.00- 11.00 0.43 0.11 
14 17.57 0.264 18.00- 17.00 0.51 0.14 
14 28.79 0.181 29.00- 28.00 0.43 0.11 
15 16.93 0.067 17.00- 16.00 0.26 0.07 
3.317 
3.166 
4.202 
2.888 
3.756 
4.471 
3.740 
5.947 
4.757 
3.469 
3.739 
3.731 
4.756 
2.897 
3.615 
5.955 
4.547 
4.595 
o.ooo 
5.897 
0.000 
0.000 
4.785 
5.163 
7.675 
4,269 
4.099 
o.ooo 
3. 797 
2.923 
1.479 
1.525 
Macquaria australasica - Cotter/Burrinjuck Dam 
Charact~r N Mean v Range S.D. S.E. C. ofV. 
Standard Length ( mm. ) 15 16 8. 00 154.00-204.00 
Body Depth 
Peduncle Depth 
Peduncle Length 
Predorsal Length 
Dorsal Base 
Anal Base 
Pectoral Fin Length 
Pelvic Fin Length 
15 38.08 1.074 39.61- 36.53 1.04 0.27 2.722 
15 14.12 0.119 14.55- 13.50 0.35 0.09 2.442 
15 22.83 1.958 25.00- 20.78 1.40 0.36 6.129 
15 
15 
15 
15 
41.32 1.463 43.03- 38.92 1.21 0.31 2.927 
45.54 1.132 47.50- 43.87 1.06 0.28 2.336 
15.95 0.633 17.65- 14.81 0.80 0.21 4.986 
22.02 0.913 24.03- 20.59 0.96 0.25 4.340 
14 26.07 4.392 29.52- 22.81 2.10 0.56 8.037 
Longest Dorsal Spine 15 19.53 0.959 21.60- 18.13 0.98 0.25 5.012 
Head Length 
Head Length (mm.) 
Snout Length 
Postorbital Head 
Length 
Orbit Length 
Upper Jaw Length 
' 
Mandible Length 
Interorbital Width 
Internare Width 
Counts 
Dorsal Spines 
Dorsal Rays 
Anal Spines 
Anal Rays 
Pelvic Spin~s 
Pelvic Rays 
Pectoral Rays 
Scales in LL 
Scales Above LL 
scales Be low LL 
Gill Rakers 
Brachiostegals 
Precaudal Vert. 
Caudal Vert. 
Total Vert. 
Caudal Rays 
15 34.39 0.566 
16 59.06 
35.71- 33.33 0.75 0.19 2.188 
76.00- 54.00 
16 31.99 2.282 34.21- 27.27 1.51 0.38 4.723 
16 50.37 1.108 51.79- 48.21 1.05 0.26 2.090 
16 21.04 1.087 23.04- 19.21 1.04 0.26 4.956 
3. 367 
3.106 
16 
16 
31.48 1.124 
37.57 1. 362 
34.21- 29.82 1.06 0.27 
39.47- 35.29 1.17 0.29 
16 29.91 3.252 32. 89- 2 7. 2 7 1. 80 0. 45 6. 029 
16 25.66 2.227 27.27- 21.82 1.49 0.37 5.815 
19 
20 
20 
20 
20 
20 
20 
11.00 0.000 
13.10 0.200 
3.00 o.ooo 
11.00 o.oo o.oo o.ooo 
14.00- 12.00 0.45 0.10 3.414 
3.00 o.oo 0.00 0.000 
9.30 0.537 11.00- 8.00 0.73 0.16 7.878 
1.00 0.000 
5.00 0.000 
15.45 o. 366 
1.00 0.00 0.00 o.ooo 
5.00 0.00 0.00 0.000 
16.00- 14.00 0.61 0.14 3.915 
20 54.95 4.787 57.00- 48.00 2.19 0.49 3.982 
5.296 19 
19 
20 
20 
19 
19 
9.58 0.257 10.00- 9.00 0.51 0.12 
19.74 0.760 21.00- 18.00 0.87 0.20 4.418 
18.90 0.726 21.00- 18.00 0.85 0.19 4.509 
6.00 0.000 6.00 o.oo o.oo 0.000 
11.32 0.228 12.00- 11.00 0.48 0.11 4.220 
18.53 0.263 19.00- 18.00 0.51 0.12 
19 29.84 0.140 
18 17.00 0.000 
30.00- 29.00 0.38 0.09 
2.769 
1.255 
17.00 o.oo 0.00 o.ooo 
t-test Values and Degrees of Freedom 
P~eatrop~ites ambiguus 
W/Bu df W/D df W/B.C. df W/L df Bu/D df Bu/B.C.df Bu/L df D/B.C.df D/L dfB.C./Ldf 
B.D. 0.784 58 1. 750 69 0.267 79 0.025 54 0.849 57 1.193 67 0.805 42 0.265 78 1. 770 53 2.287 63 
DCP 1.634 58 0.202 69 1.982 79 3.021 54 1.170 57 3.945 67 4.701 42 1.809 78 2.744 53 1.577 63 
ICP 1.654 58 7.866 69 4.673 79 4.310 54 8.028 57 3.989 67 3.589 42 2. 755 78 1. 778 53 0.429 63 
Pxed. L. 0.490 58 3.855 69 1.474 79 0.185 54 3.343 57 0.999 67 0.111 42 2.171 78 1.998 53 0.719 63 
D.B. 2.252 57 0.830 68 2.874 78 2.161 52 3.122 57 0.197 67 0.442 41 4.007 78 2.772 52 0.332 62 
A.B. 4.125 58 6.873 69 8.163 79 9.989 54 0.590 57 2.260 66 4.623 42 2.258 77 5.084 53 2.919 62 
PFL 0.694 58 1.263 69 1.208 79 1. 771 54 0.576 57 1.925 67 1.168 42 2.495 78 0.653 53 2.829 63 
Pel. F.L.3.633 58 2.804 69 1.910 79 0.647 54 1.057 57 5.788 67 2.773 42 5.163 78 1.922 53 2.417 63 
us 1.383 58 11819 69 14.512 79 7.655 54 9.214 57 11051 67 5.888 42 0.847 78 2.223 53 3.126 63 
HL 1.383 58 0.510 69 0.508 79 0.999 54 1.041 57 0.567 67 0.052 42 0.178 78 0.707 53 0.430 63 
Snout L. 5. 740 59 6.480 70 4.867 79 4.230 55 1.107 57 1.288 66 0.199 42 2.371 77 0.667 53 1.141 62 
PHL 1.851 59 6. 783 70 3.182 79 4.576 55 4.186 57 0.901 66 3.193 42 3.675 77 0.368 53 2.736 62 
O.L. 1.191 59 11150 70 3. 763 79 9.122 55 11450 57 4. 730 66 9.644 42 8.626 77 1.326 53 6.969 62 
UJL 0.987 59 6.915 70 14.546 80 10.445 55 6.390 57 14.565 67 10.098 42 6.156 78 3.954 531.202 63 
ML 2.546 59 9.456 70 11.140 80 9.893 55 6.228 57 12561 67 6.543 42 5. 709 78 0.206 53 5.601 63 
I.w. 4.024 59 7.054 70 4.426 79 3.906 55 1.761 57 1.171 66 0.237 42 3.717 77 1.366 53 1.341 62 
I.N.W. 2.110 59 3.461 70 0.595 79 0.898 55 1.133 57 1.536 66 2.434 42 2.820 77 3.488 53 1.296 62 
rs 1.621109 0.544128 o.ooo 121 o.119 99 1.952 83 1.574 76 1.664 54 0.498 95 0.142 73 0.261 66 
DR 0.101109 2.872128 2.465 121 3.921 98 2. 706 83 1.863 76 3.241 53 0.813 95 1.224 72 1. 782 65 
A.S. 0.000109 0.000128 0.000 120 0.000 99 0.000 83 0.000 75 0.000 54 0.000 94 0.000 73 0.000 65 
A.R. 1.152109 0.543128 3.329 120 3.653 99 0.77183 1.733 75 2.288 54 2.872 94 3.282 73 0.750 65 
P.S. 0.000109 0.000128 0.000 121 0.000 99 0.000 83 0.000 76 0.000 54 0.000 95 0.000 73 0.000 66 
P.R. 0.000109 0.000128 0.000 121 0.000 99 0.000 83 0.000 76 0.000 54 -0.000 95 O;{J0073:a,OO(} 66 
Pee. R. 0.608 96 3.289113 6.231 109 3.110 87 2.196 79 4.407 75 2.268 53 2.374 92 0.438 70 1.366 66 
u? 0.107104 4.892123 8.137 117 6.021 95 4.005 81 6.616 75 5.104 53 3.575 94 LSi's ·12 i.:io:3 6o 
ALL 2.098 96 2.623112 1.813 108 4.575 86 0.113 80 0.501 76 1.892 54 0. 712 92 2.055 70 2.679 66 
BLL 5. 782100 ll950 117 14.079 112 12599 90 4.833 81 4.191 76 5.163 54 1.187 93 1.037 71 2.065 66 
G.R. 4.073108 0.547127 4.113 120 2.077 98 3.637 83 7.227 76 4.679 54 4.646 95 2.395 73 0.248 66 
BST 0.610109 0. 775128 0. 775 121 0. 775 99 0.995 83 0.995 76 0.995 54 0.000 95 0.000 73 0.000 66 
P.C.V. 0. 775110 1.493121 0. 775 120 0. 775 97 1.294 77 0.000 76 0.000 53 1.294 87 1.294 64 0.000 63 
c.v. 0.000110 1.960121 1.246 119 0.884 97 1.646 77 1.123 75 0.837 53 2.391 86 1.796 64 0.000 62 
v. 0.626110 0.775121 1.719 119 1.199 97 1.027 77 1.123 75 0.837 53 2.012 86 1.375 64 0.000 62 
C.R. 0.000108 0.7431212.799120 0.20794 0.48877 2.312 76 0.18750 3.14689 0.511631.51762 
t-test Values and Degrees of Freedom - Macquaria austraZasica 
Character Kangaroo/ d.f. Kangaroo/ d.f. Cotter/ d.f. 
Cotter Seven Creek Seven Creek 
Body Depth 
Peduncle Depth 
Peduncle Length 
Predorsal Length 
Dorsal Base 
Anal Base 
Pectoral Fin Length 
Pelvic Fin Length 
Longest Dorsal Spine 
Head Length 
Snout Length 
0. 726 
5.679 
0.501 
3.425 
3.603 
7.912 
3.629 
1.100 
15.406 
4.508 
3.450 
Postorbital Head Length 1.691 
28 
28 
28 
28 
28 
28 
28 
27 
28 
28 
19 
29 
29 
29 
29 
29 
Upper Jaw Length 
Mandible Length 
Interorbital Width 
Internare Width 
Counts 
Dorsal Spines 
Dorsal Rays 
Anal Spines 
Anal Rays 
Pelvic Spines 
Pelvic Rays 
Pectoral Rays 
Scales in LL 
Scales Above LL 
Scales Below LL 
Gill Rakers 
Brachiostegals 
Precaudal Vert. 
Caudal Vert. 
Total Vert. 
Caudal Rays 
1.578 
0.044 
2.640 
1.592 
7. 860 32 
5.117 33 
0.000 33 
3.433 33 
0.000 33 
0.000 33 
0.341 33 
11.982 33 
0.090 32 
0. 715 32 
2.848 33 
Very High 33 
0.697 31 
5. 309 31 
7.370 31 
1.047 31 
2.179 
4.450 
1.063 
1.032 
2.810 
4.412 
3.348 
0.280 
9.640 
5.247 
4.017 
2.069 
0.871 
0. 364 
1.225 
1.599 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
1.834 
1.639 
1. 333 
2.960 
0.092 
1.034 
1.230 
0.752 
2.850 
1. 373 
o. 742 
1.217 
0.125 
0.352 
2.898 
3.424 
7.860 28 0.000 
4.580 28 1.413 
0.000 28 0.000 
4.129 28 0.457 
0.000 28 0.000 
0.000 28 o.ooo 
1.455 28 2.211 
11.966 28 0.072 
0.397 28 0.516 
0.584 28 0.030 
3.180 28 0.367 
Very High 28 0.000 
0.064 27 0.784 
5.903 27 0.812 
7.418 27 0.240 
1.047 28 0.000 
19 
19 
19 
19 
19 
19 
19 
18 
19 
19 
20 
20 
20 
20 
20 
20 
32 
33 
33 
33 
33 
33 
33 
33 
32 
32 
33 
33 
32 
32 
32 
31 

